IH] 


~& 
~ 
— 
i 2) 
= 
= 
~~ 
° ee 
~X 
<— 


/ 
& 


[gor ; 


MrOPb AKMMYITKMH 


KYA? 
yu 
KAK? 


M3ATEJIBCTBO «MBICJIb» 


MOCHKBA 


ANIMAL TRAVELLERS 


by Igor AKIMUSHKIN 
» 


Translated from the Russian by Yuri Shirokov 


MIR PUBLISHERS 
MOSCOW 


UDC 591. 543. 43(023)=20 


First published 1970 
Second printing 1973 


Igor Akimushkin is a Soviet biologist and 
science writer. He is the author of fascinating 
books about animals “Tracks of Mysterious Bea- 
sts”, “The Path of Legends”, “The Primates of 
the Sea”, “The Crocodile Has Friends, Too”— 
which are highly favourite with the readership, 
as well as several books for children. The “Ani- 
mal Travellers” is a story of animal wanderers— 
four-footed, winged and finned—of where they 
walk, fly and swim, and how they take their 
bearings en route. The reader will learn about 
their amazing mechanisms for navigation, which 
help them in their travels—“echo sounders” and 
“radars”, “polaroids”, “physiological clock” and 
“sky compasses”, the intricate methods of “con- 
versation” by a dance performed by honey-bees, 
and the latest hypotheses and discoveries by 
scientists studying the mysteries of migration. 


Ha anzaulicnom navune 


2106-355 
041(01)-73 


CONTENTS 


THE LURE OF DISTANT LANDS 


PILGRIMS OF ANCIENT CONTINENTS 


The Tooth of a Paleotherium ...... 
Great Gondwana Land ..... eer 
How the Horse Began to Run on One Toe see 
The Return of the Prodigal Son ...... 
A Road Open at BothEnds ........ 
Africa, Land of Immigrants ....... 


FLEEING FROM COLD, FAMINE AND DROUGHT 


Ten Million Ringed Birds ......... 
Seafaring Loons .........4.6. : 
A Flight from the Arctic to the Antarctic .. 
Where do Russian Ducks Winter? . . 

Does Every Crane ny a Landrail on Its 
Back? ...... ip eh fous, eels o> een 
The Deer Depart Also. be Serge cetera Tose ey 
Southbound Whales ..........6. 
Fish Travelling Overland ........ 
Crocodiles Migrate, Too ......... 
A Travelling “Meat Store” ........ 


IN SEARCH OF LAND 


Harems on the Komandorski Islands . . 
Raids of Grunions . . be Whee aims fete 
In Search of a Drier Place | gS do Sen ce Sone 


IN SEARCH OF FOOD 


Travels of Herrings .......2.+4.6 
Squirrels Besieging Towns ........ 
Travellers Doomed to Death ....... 


NOMADS BY NATURE 


Migrating Vegetarians ........2.. 
A Hundred Years on Foot ........ 
My God! Ants! ...........20.4. 


LONGING FOR FRESH WATER 


Riverbound Sea Fish .......... 
Life in Rivers .........2.2e46. 
Life in the Sea ..........2.24. 
Anadromes and Catadromes ........ 


NOSTALGIC EELS 


“Born of the Sea Abyss” ......... 
Ichthyologic Epopee .......... 
Sial and Sima. . 1... 1. eee ore 


MIGRATIONS OF INSECTS 


The First Evidence .........4.. 
The Monarchs Conquer New Lands sta 
A Mirror fora Gift ........... 
Where Dragonflies Appear Hens Stop Laying 
EQQS sec 105 ee ey i Reet ee eee ee ay 
Ladybirds Do Not Stay at Home Either 


Chasing Locusts ............ 
The Eighth Plague of Egypt ....... 
Cannons Versus Locusts ......... 


THEY CAME WITH MAN 


The Death of an Immigrant ....... 
Triumphant Conquests by Phylloxera and 
ChineseCrabs ........22-6-. . 
The Breath-Taking Career of the Colorado Be- 
OUlO: 6 nee sri hae Ss Se ees Set 
Exception in Europe, Rule in America 
Harmful Results of Useful Experiments 


A Snail May Not Be so Slow as It Looks 
How Large is the Sparrow World? wit 
Goats Devour Forests .......... 
Inverse Connection .........2.. 
Welcome Guests ............ 


LIFE RETURNS TO KRAKATAO 


TRAILS OF SCENT 


Planaria Takes a Smell ......... 
Road Signs of Odour ........... 
Highways in the Sea .......... 


CHILDREN OF MNEMOSYNE 


THE WIND—FRIEND AND FOE 


Gregarious Instinct and Its Helpers : 
The Sense of Direction .......... 
Locusts and Rain Come Together ..... 
Driven Off Course by Water Currents 


CHILDREN OF THE SUN 


Mnemosyne Again ............ 
Dances on Honeycombs ......... 
Pigeon Pott ............00-6 
Is It Memory Again? .......... 
Is It a Spiral Search? . 2. 2... 1... 
Do the Veterans Show the Way? ..... 
Aren’t They Guided by the Magnetic Field and 
the Coriolis Forces? ...........4. 
Kramer's Experiments .......... 
The Physiological Clock ......... 


Sun Navigation ........ aeons 
Who Else Is Guided by the Sun? ..... 
Also by the Sum? .... 1... - eee 


RADARS AND THERMOLOCATORS 


The Radar of Mormyrus ..... Ect 28. 2 
Can We See Heat? .......++420- 
Thermolocators of Snakes ..... ate kee 


LOCATING BY SOUND 


What Was the Priest Doing on the Belfry? 
Sound Ranging .........2... 
Types of Nature’ s Sonars ........ 
Bats May Err, Too ........... 
Voices from the ADS 8 ee Reiss 
Omnipresent Ultrasound ..... ee 
Gyrinids Don’t Whirl for Nothing ..... 


PROMETHEUS’ SECOND TORCH 


AFTERWORD re ee ee 


THE LURE OF DISTANT LANDS 


In 1725, when Peter the Great lay on his 
death bed in St. Petersburg, another misfortune 
was advancing on Russia from the East. Great 
hordes of brown rats had suddenly emerged so- 
mewhere in the Asian steppes and were pouring 
towards Europe. In 1727, the hungry rodents 
approached Astrakhan but were stopped by the 
Volga. Fearing to swim the river at once, they 
scurried at the edge of the water. More and 
more rodents kept arriving, and the east bank 
of the river soon literally swarmed with rats. 
There was no counting them, no end to them. 
Under mounting pressure from the rear ranks 
the rats finally ventured into the water. 

“After an earthquake in the Caspian region”, 
wrote Peter Pallas, one of the pioneers of Rus- 
sian zoology, “great hordes of rats crossed the 
Volga and came to Astrakhan from the Kuma 
Desert in 1727, one on the eve of a two-year 
epidemic of plague”. 


They were drowned by the millions, but mil- 
lions survived and moved on to the Ukraine. 
Soon they were seen in Poland and Bohemia, 
and ten years later, another horde invaded East 
Prussia. 

In 1753, the brown rats “triumphantly” ente- 
red Paris. They had never been seen there be- 
fore. The smaller, so-called black rat, it is true, 
had long been known as a local inhabitant of 
Europe. When the brown rats had arrived, they 
became a terrible calamity. In England alone 
the damage done by rats to agriculture amoun- 
ted to 15 million pounds annually. 

The first brown rat to fall into the hands of 
zoologists was captured by a watchman of the 
Botanical Gardens in Paris. 

He took it to the famous naturalist Georges 
Buffon. The latter had a dislike both for the 
classification scheme, and for those engaged in 
classification, and his description of this former- 
ly unknown rodent did not follow the rules that 
had already been laid down in zoology. So later 
the English naturalist Berkenhouth described 
this species again under the name of the Nor- 
way rat. But what Norway had to do with it, 
we don’t understand. Perhaps this rodent was 
thought to be a native of Norway. 

Meanwhile, the brown rats continued their 
conquests. Early in the last century they reached 
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America (naturally, as stowaways on ships), 
crossed the continent from east to west and in 
1851, three hundred years after Balboa*, they 
reached the Pacific coast. All along their way 
they waged a war on black rats, which have 
survived in the Western hemisphere only in 
South America, where they are still numerous, 
and epidemics invariably followed in their wake. 

It is common knowledge today that rats are 
responsible for the spread of such terrible di- 
seases as plague, typhus, anthrax, trichinosis, 
etc. The ways by which they came to Europe, 
however, are still uncertain. Some specialists 
will probably smile ironically at our dramatic 
picture of the rats’ transcontinental march, be- 
cause this classical hypothesis explaining their 
spread throughout Europe, which until recently 
was almost unanimously accepted by naturalists, 
has lately been resolutely rejected by some of 
them. 

“Since Pallas was born in 1741”, writes the 
well-known Soviet zoologist B. Zhitkov, “his 
story of the rats crossing the Volga is not based 
on first-hand evidence. If we are to believe him, 
the rats came ‘from the Kuma Desert’. It is 


* The first European to see the Pacific Ocean in 
1513. Leading a part of Spanish conquistadors, he crossed 
the Isthmus of Panama from the coast of the Carib- 
bean Sea to the. Pacific. 
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known, however, that the Kuma River flows in 
the southern foothills of the Caucasus, north of 
the Terek River, while Astrakhan is situated 
on the left bank of the Volga. This means that 
the rats crossed from Europe to Asia rather than 
from Asia to Europe, as Pallas’ evidence was 
usually interpreted by nearly all zoologists”. 

This is the main discrepancy between the 
new theory and the old. Brown rats migrated to 
Europe from Asia—of that there is no argu- 
ment—though not from the area beyond the 
Volga but apparently from North China, and, 
in addition, not on foot but on merchant ships. 
Later they invaded Russia from Western Europe. 
They swam the Volga (from west to east rat- 
her than east to west), and late in the last cen- 
tury reached the Irtysh River. By that time, 
another horde of rats moving towards them from 
the opposite end of Siberia had approached the 
Yenisei River. 

These East Siberian rats very likely migrated 
to the Transbaikal region also from China. When 
goods trains began to run on the newly-built 
Siberian railway (which took place in 1896-1897) 
both the advancing armies of rats met in the 
centre of West Siberia, not immediately, howe- 
ver, but some ten years later. After the Russo- 
Japanese War (1904-1905), when endless trains 
carrying troops and munitions moved along the 
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Trans-Siberian trunk-line, brown rats appeared 
there in multitudes. 

The well-known Soviet zoologist Prof. A. Ku- 
zyakin affirms this new conception in a docu- 
mented article. Advocates of the old hypothe- 
sis, however, are still found inside the USSR 
and abroad. 

Whatever route rats have followed in their 
migration, their irresistible urge to conquer new 
lands in itself is quite amazing. What force, 
indeed, what powerful impulse drove these small 
rodents to their whirlwind voyage round the world? 

Until recently even naturalists answered all 
such questions with quotations from the Bible 
(or preferred to keep quiet). In the Bible the 
starting point from which all terrestrial animals 
and birds, insects and all kinds of molluscs and 
worms began their wandering over the earth was 
Mt. Ararat, where Noah’s famous Ark had lan- 
ded after the six months and seventeen days of 
his voyage. The Ark had carried every living 
thing, “two of every sort”. When the Flood had 
subsided, the animals started out on their long 
journey to which even now there is no end in 
sight. Polar bears sweating under their warm 
fur coats ran from the heat of the Caucasus to 
the Arctic. Penguins hobbled off through the 
tropics to the Antarctic, and lions and giraffes 
went to Africa at a leisurely gait. 
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Even Carolus Linnaeus, the celebrated Swe- 
dish naturalist, believed this childish fairytale. 
Today, it seems ridiculous even to children. 
Step by step, by painstaking work and ingenio- 
us experiments, biologists have at long last pe- 
netrated the secrets of navigation of many four- 
legged and feathered nomads and have studied 
the routes and causes of their migration. 

Science can now answer where the animals 
crawl and swim and fly to and how they take 
their bearings en route. 


PILGRIMS OF ANCIENT CONTINENTS 


THE TOOTH OF A PALEOTHERIUM 


The story began from bones. Workers digging 
in quarries found some strange skeletons. Al- 
though such finds had been occasionally made in 
different countries, nobody knew whose bones 
they were. Everybody had his own ideas. Some 
said they were the bones of Gog of Magog*, 
others that they had belonged to King Teutobo- 
chus who led German hordes to conquer Rome 
but was routed by the Roman legions. 

Or perhaps they were the remains of Hanni- 
bal’s war elephants, the thick-skinned giants 
which had been dispersed throughout Europe 
when Hannibal’s army had been expelled from 
Italy and which had died of cold in the north- 
ern forests? The Greek scholars Xenophanes, He- 
rodotus and Xanthos had actually surmised who 
these fossil skeletons belonged to, and had af- 
firmed that they were the remains of extinct 
animals. But soon the Romans conquered all the 


* The legendary biblical king of Meshech and Tu- 
bal, the land of Magog, whose invasion of Israel was 
predicted by Ezekiel (Ezekiel, XX XVIII). His predic- 
tion, however, has not come true. 
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Greek cities—in Europe, Asia Minor and Africa. 
Antique science which had already studied much 
of what people later had to discover all over 
again fell into decay, and ignorance invented 
its own theories. 

Gigantic bones were preserved in the collec- 
tions of the Emperor Augustus on the Isle of 
Capri. Local experts said they were the skeleton 
of the Cyclops blinded by the wily Odysseus. 
And all through the Middle Ages and the Re- 
naissance, right until the 19th century, people 
believed such absurdities despite the protests of 
scholars .who were centuries ahead of their time, 
like were Boccaccio and Leonardo da Vinci in 
Italy and Lomonosov in Russia. 

Before the French Revolution Georges Buffon 
had concluded, after a study of rich factual 
material, that fossil bones were relics of extinct 
animals. They differed from modern animals be- 
cause nature did not stand still but was deve- 
loping. mm 

This contradicted the Bible, so the Theologi- 
cal Faculty of Paris accused Buffon of heresy, 
and he was forced to renounce his views pub- 
licly. 

Later, after the Revolution, another French- 
man, Georges Cuvier, became known as a great 
expert on animals. At that time Monmartre, 
now famous for its night life, was a tract of 
wasteland with gypsum quarries. Many diffe- 
rent fossils were found in the gypsum, which 
Cuvier examined thoroughly, comparing them 
with one another and with the bones of living 
animals. A hard-working man, he skilfully used 
his hands and scalpel, and his great imagina- 
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The brown rat, having started from North China, spread 
throughout the world 


Its weaker opponent, the black rat 


A young tapir. This is possibly what the ancient pro- 


totype of the modern horse looked like 


Przhevalsky’s horse, the only surviving species of wild 
horse 


tion helped him develop many new theories. 
Some proved erroneous (for example, his theory 
of catastrophes), but others were quite fruitful. 
Cuvier was the founder of two important bran- 
ches of biology—comparative anatomy and pala- 
eontology, the science of fossil bones, or rather 
of the ancient inhabitants of our planet, of 
which only the bones have survived. Some of 
them even have not left any bones, only im- 
prints on stones. 

Cuvier is said to have known animal anatomy 
so thoroughly that even from one bone or tooth 
he could reproduce the image of an extinct 
animal, describe its feeding habits and tell whe- 
ther it had been a predator or prey. 

One day his pupils brought him the tooth of 
a mysterious beast from Monmartre. Having com- 
pared it with the teeth of known animals, Cu- 
vier took a sheet of paper and drew what looked 
like a horse and a tapir at the same time. 
The owner of this tooth, he said, could only 
have looked that way, and no other. He named 
the beast paleotherium. 

Years later, after Cuvier’s death, quarrymen 
one day cut a large slab of gypsum at Monmart- 
re, which became a triumph for the new science 
founded by Cuvier. A distinct imprint of an 
ancient animal—half tapir and half horse—with 
a lip drawn into a small trunk was clearly visib- 
le on the slab. The imprint was so like Cuvier’s 
drawing that the French Academy decided to 
exhibit both—the drawing and the imprint— 
side by. side on the same stand in a museum. 

I have related this story to show what an 
exact science palaeontology is. Cuvier’s methods 
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have been improved, and today even run-of-the- 
mine scientists have thoroughly mastered them. 
Palaeontologists and palaeogeographers resurrect 
from the ashes amazing pictures of worlds long 
past, discover the ways these worlds were settled, 
and trace on the map the paths the ancient 
pilgrims took across the continents. 


GREAT GONDWANA LAND 


Before mammals spread over the Earth, geo- 
logical catastrophes had changed its face once 
again. 

The era of mammals was preceded by the 
reign of dinosaurs. In that eventful epoch, one 
hundred to one hundred and fifty million years 
ago, in Mesozoic time, i.e. in the “Middle Ages” 
of Earth history, the outlines of the seas and 
the continents were quite different from what 
they are today. And if astronauts in orbit could 
see our, old planet as it was then, they would 
not recognize it. 

Many scientists agree that the history of what 
now seem immovable continents and oceans de- 
veloped according to the following scheme (much 
simplified here). 

At first, about two thousand million years 
ago, apparently all continents— what are now 
known as Africa, Europe, and Asia, the Ameri- 
cas and Antarctica—constituted: a single land 
mass, which was washed in the east and west 
by the only ocean then existing—the Pacific. 

There were several inland seas on that conti- 
nent: the North and South Atlantic, the Scan- 
dinavian Sea, and the ancient Arctic Sea. 
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Then a sinking of the Earth’s crust occurred, 
the first in its history. The sea began to flood 
across the land. The parts that remained dry, 
the so-called continental shields, were never 
completely covered by water, and formed the 
foundation of the present-day continents. 

Gondwana land was the greatest of the ancient 
continents and larger than any of those that 
exist today. Named after a little known locality 
in India, this mammoth land mass today, one 
thousand million years after its formation and 
one hundred million years after its disappearan- 
ce, has become famous, but unfortunately only 
among a narrow circle of scientists. It seems 
to me, however, that it is time the public at 
large learned something about the great land 
of Gondwana. 

The continent of Gondwana land rested on 
several shields: the Brazilian, the African (which 
included peninsular India) and the West Aust- 
ralian, joining the lands of countries that now 
lie far apart. 

Later, in the course of hundreds of millions 
of years, the face of the world changed more 
than once, and its geographical or rather palae- 
ogeographical map bears many names of new 
(and now ancient) continents and seas. Only 
Gondwana land survived all the geological ca- 
taclysms and retained its boundaries intact. It 
was the arena of titanic battles between dino- 
saurs, it was trodden by the feet of the largest 
of the giants, brontosaurus and diplodocus, 
while the world's first flyers—the pterodactyls— 
took to the air of its vast expanses. It is only 
a hundred million, or perhaps even seventy mil- 
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lion, years ago that this gigantic conglomerate 
of countries disintegrated, and the continents 
acquired their present, outlines. 

A new era began in the history of the oceans 
and the continents, and in the life inhabiting 
them. 

Never had death taken such a toll: not only 
herds of reptiles, large and small, died out 
but whole species and zoological genera and or- 
ders. New animals and new plants began a victo- 
rious march over the plains of countries elevat- 
ed from the sea. Leafy trees, flowers and grasses, 
almost everywhere supplanted the ferns, hor- 
setails, and sequoias, and gave shelter to birds 
and little wooly beasts. 

The Tertiary period, which began around 70 
million years ago, was an epoch of rapid deve- 
lopment of mammals and of their spread across 
the continents and islands of the earth. Evolu- 
tion and rigorous selection created from tiny 
beasts, looking rather like shrews, all the “mo- 
dels” of the animal kingdom, both living and 
extinct: the dog and the cat, the ox and the 
deer, the elephant and even the whale! On the 
expanses of North America and Southern Asia 
species were horn and evolved, and from there 
they migrated to all the ends of the earth. 

The Earth’s crust was still convulsing as 
though in labour, erupting fiery sheets of lava 
from its depths. Volcanoes threw clouds of 
ashes into the skies; rupi passing slowly across 
the Earth raised continents and laid bare the 
bottom of seas. Many mountain ranges were 
raised to the clouds in that epoch: the Alps, 
the Pyrenees, the Appenines, and the Atlas mo- 


20 


untains. The giaut ridges of the Cordilleras rose 
along the west coast of both the Americas. 

Driven by the wrath of the raging elements, 
the animals searched for new shelters, new pas- 
tures and quiet creeks with cool water. The 
paths of these fugitives circled the entire planet. 
The eventful history of the ancestors of the 
horse has been studied in detail by Russian 
and American palaeontologists, and they tell us 
about the routes, progress and misfortunes of 
the ancient nomads. 


HOW THE HORSE BEGAN TO RUN ON ONE TOE 


If a modern man had seen an ancestor of the 
horse in a forest he might have taken it for a 
small cat. The eohippus, as we call it, was not 
bigger than a fox. Its head was small, its neck 
short, and its back hunched; its skin was stri- 
ped and it had four toes on its forefeet and three 
toes on its hind feet. The eohippus lived in the 
humid forests of North America some fifty mil- 
lion years ago, fed on leaves and resembled an 
awkward tapir in habits and outward appearan- 
ce. 

There were several varieties of the eohippus, 
some of which migrated to Europe at an early 
time (apparently over a “bridge” connecting Ca- 
nada, Greenland, Iceland and Scandinavia). 
A “descendant” of the eohippus, the famous pa- 
leotherium whose tooth brought fame to Cuvier, 
resembled a rhinoceros in its powerful build. 
The first horses in Europe had no luck and all 
died out. 

But in America their genus continued to flou- 
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rish. There the eohippus evolved into the oro- 
hippus, aud the orohippus into the three-toed 
mesohippus which was already as big as a sheep. 
Then an important event took place in the his- 
tory of the horse. The damp tropical forests 
which covered the greater part of the Earth 
began to die out everywhere, and were replaced 
by steppes and meadow grasses. The mesohip- 
pus timidly left the forest thickets and risked 
starting a new life under the open skies of the 
prairie. It began to feed on grass. In the step- 
pes, the mesohippus was pursued by the fast- 
running ancestors of the wolf. The only means 
of escape was to learn to run faster than the 
predators. Their superfluous toes became a bur- 
den (it is easier to run on one toe), and we can 
see from the fossils how one toe after another 
began to atrophy in the ancestors of the horse 
until only one remained on each foot. The horse 
developed into a solid-hoofed animal. This trans- 
formation, naturally, did not take place at once. 
The mesohippus evolved into the merihippus, 
and the merihippus into the hipparion, a slender 
horse a little smaller than the zebra. The two 
underdeveloped side toes on the feet of the 
hipparion did not touch the ground, and so 
this three-toed animal ran on one toe. 
Hardly any other four-legged animal lived in 
such gigantic herds as did the hipparion. These 
“elegant” horses migrated in herds of millions 
across the isthmus that then connected Chukotka 
and Alaska and penetrated from North America 
first into Asia and later into Europe. 
Countless herds of hipparion galloped the pla- 
ins of the Eurasian continent. Their fossil re- 
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mains are so numerous that  palaeontologists 
have given the name of Hipparion fauna to the 
entire assemblage of living creatures that inha- 
bited those steppes at the same time as these 
horses. “ 

The hipparion, however, was unable to make 
its way into Africa, South America and Austra- 
lia, because these continents were separated at 
that time by wide straits from North America, 
Asia and Europe. 

Several million years later the hipparion died 
out. 

The pliohippus, which may be called a cou- 
sin of the hipparion, had a happier fate. From 
it originated the modern horse. At one time, 
herds of pliohippus lived throughout North and 
South America, Europe, Asia and Africa (by 
that time these continents had again been con- 
nected by isthmuses). Among the ancient horses 
there were very interesting varieties: some lar- 
ger than the biggest cart-horse, others smaller 
than a pygmy pony. But a million years ago, 
all the horses in America died out*. In Africa, 
only zebras and asses survived, and in Europe 
and Asia, only two or three wild species** 


* Prof. Arno Miiller, a prominent palaeontologist, 
presumes that the extinction of the American horses 
was due to the tsetse fly, which is known to transmit 
many formidable diseases. The fossil remains of these 
horses have been found in Miocene strata of Colorado 
ads by side with those of the Tertiary ancestors of the 

orse. 

** Of late, some scientists have proposed to unite 
them all in one species of wild horse. The well-known 
Soviet zoologist Prof. V. Heptner ascribes even the tar- 
pan and the Przhevalsky horse to one species. 
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whose history is closely associated with that of 
man. 

In the Ice Age tens of thousands of years ago, 
wild horses were found everywhere in Europe. 
Along with the mammoth and the northern deer 
they were often hunted by cavemen who con- 
sidered them the finest item in their menu. 
This is shown by the “kitchen” middens of our 
ancestors—huge heaps of splintered bones, which 
have been studied by anthropologists. One of 
them contained the remains of some ten thou- 
sand horses. Our forefathers apparently did not 
suffer from lack of appetite. 

One hundred and fifty years ago one could 
still encounter a wild horse in the forests of 
Germany. 

In the Middle Ages the local population wa- 
xed ecstatic at holiday feasts over perissodacty- 
lic “game”—the meat of the wild horse, and 
it was considered a rare delicacy. The monks, 
it seems, were fond of horse flesh; in monastery 
graces there was the following amusing phrase: 
“May it be given to us to taste the flesh of the 
wild horse under the banner of the Cross.” 

Until the 17th century some cities of Europe 
had special detachments of archers to hunt the 
wild horses that ravaged the fields. In 1844, 
in Prussia, several thousand huntsmen surroun- 
ded the last herds of forest ponies in the Duis- 
burg forest and massacred them. Two hundred 
and sixty animals were killed. 

In Russia, wild horses survived longer*. A hun- 


* In 1663, the future Ukrainian Hetman Ivan Maze- 


pa, for some offence or another, was tied by the Cos- 
sacks to a wild horse, which dragged him out into the 
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dred years ago they might still be encountered 
in the south of the Ukraine and in the Crimea. 
These were tarpans, horses with a dun-coloured 
hair (some zoologists regard them as the ances- 
tors of the Arabian, and Persian steeds). The 
last tarpan was shot in 1879. Now only a few 
hundred head of wild horses survive in Central 
Asia. 

The ancestors of the modern Indians who mig- 
rated from Asia to Alaska across the isthmus 
which connected the continents during the Ice 
Age never found a single wild horse either in 
North or South America. All had died out from 
some mysterious cause. And since they had no 
domesticated horses the American farmers long 
remained “horseless”. They had never even heard 
of horses and were, therefore, very frightened 
of them when mounted Spaniards invaded the 
land of the Aztecs. 

In 1539, the conquistador Hernando de Soto 
landed on the coast of Florida, bringing with 
him nine hundred soldiers and three hundred 
and fifty horses. From Florda, the Spaniards 
went northward and then westward. After fierce 
fighting they reached the Mississippi River. For 
another two years they wandered in the prairies 
beyond that great river. Marching and skirmis- 
hing they lost their horses, which grew wild and 
multiplied. On the plains of Texas they met kin 
that had escaped from the army of Cortez. That 
is how the famous mustangs came into being. 


open steppe. Mazepa managed to free himself from the 
ropes, however, and 44 years later led a mutiny in the 
Ukraine against Peter the Great. 
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THE RETURN OF THE PRODIGAL SON 


The camel hegan its history at the same time 
as did the horse. Their ancestors were compat- 
riots and neighbours. The protylopus, the fore- 
bear of all ancient camels, used to shelter under 
shrubs and was as small as a rabbit, but its 
skull and teeth were typical of camels. Its hind 
legs had only two toes, but the forelegs had four. 

As time passed, the descendants of the proty- 
lopus underwent a change, having adapted them- 
selves to a new environment. Like the meso- 
hippus, they left the damp forests and settled 
in the prairies when arid winds had dried the 
swamps and grasses had begun to bloom on the 
American plains. Ten million years later, the 
animals that had the blood of the pygmy pro- 
tylopus in their veins grew larger, many resem- 
bling gaselles in size and outward appearance. 
Another, the alticamelus, with an extremely 
long neck, looked like the giraffe. Some of the 
ancient camels were giants bigger than elephants 
and stood five metres at the shoulder. They 
all lived in North America, from Mexico to 
Alaska. 

A million years ago, there was a large lake 
with treacherous banks in California, a little 
way from the city of Los Angeles. Tortured by 
thirst, beasts and birds from the surrounding 
steppes went to the lake only to meet their 
death in the sticky asphalt seepage covering its 
banks. The asphalt, like the balsam of Egypt, 
preserved their carcasses from quick decay. Now 
scientists are digging out remains of many ex- 
tinct animals from this giant grave. 
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The first important excavations were begun 
here in 1906. Within two years one hundred 
bones of various birds and beasts were dug out 
of the asphalt. Among them were two almost 
intact skeletons of primordial camels. They had 
been large animals ‘measuring two metres in 
height. They were named Camelops hesternus, 
which means “camel-like animals of the past”. 

This is, indeed, so: as early as the recent past 
camelopes wandered through Africa. They sur- 
vived there until the last years of the glacial 
epoch and, consequently, died out quite recent- 
ly. The ancestors of the Indians who had come 
from Asia did not meet with horses but they 
were lucky to find camels in America. In the 
State of Utah, the skull of a camelope with 
pieces of meat on the bones was found. The 
owner of the skull had died hardly more than a 
thousand years ago. Moreover, a settlement of 
ancient hunters was excavated at the foothills 
of the Sierra-Nevada Range in California. It 
was littered with charcoals, stone spearheads, 
splintered bones of bisons and skulls of primor- 
dial camels. 

When the Europeans landed in America the 
camelopes had already been exterminated there. 
But their cousins, the Asian camels and South 
American llamas, have survived, the former by 
migrating to Asia through the isthmus which at 
that time connected Alaska with the Chukotka 
Peninsula, and the latter to the Andes through 
the jungle of Central America. 

In the epoch of pliohippus these ancient Asian 
camels had already migrated as far as India, 
later moving through Iran and Iraq to Arabia, 


27 


Palestine marking the westernmost limit of their 
wanderings. 

Two extinct species, however, have also been 
found in Eastern Europe: one in Russia, and 
the other in Rumania. 

The first mention of camels in historical do- 
cuments dates from the fourth millenium B.C. 
A thick-lipped head of this anima] moulded in 
clay was dug out from the graves of the fourth 
dynasty of ancient Egypt. Since then no men- 
tion or pictures of camels seem to have been 
made in Egypt, as though it was forbidden to 
do so in the Nile Delta. Some scientists believe 
that the camel was listed by the priests as a 
devilish animal. 

In Assyria, on the other hand, the arrogant- 
looking figures of these hunch-backed animals 
were depicted in many basreliefs and obelisks. 
These were the wild camels hunted by the Assy- 
rian kings. The Queen of Sheba took large cara- 
vans of camels on her visit to King Solomon. 
This means that by the tenth century A.D. the 
camel had already been domesticated in certain 
countries of the Orient. 

It appeared in Africa as man’s captive rather 
than as a free-living beast. Here people have 
raised a new breed of camels known as the one- 
humped dromedary*. Dromedaries and Bactrian 


* In Africa there are now more camels than in Asia: 
about three million. Evidence in favour of the above 
hypothesis (that the one-humped camel is a domestica- 
ted variety of the two-humped camel) is that dromedary 
embryos have two humps. Many scientists believe, how- 
ever, that both the one- and two-humped camels are 
two different species which were domesticated separa- 
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camels (i.e. two-humped Asian camels) were 
known as far back as the time of Aristotle. 
The word “dromedary” derives from the Greek 
dromas (running). Indeed, dromedaries are very 
fast and tireless animals. It is said that a good 
dromedary can cover the distance from Mecca 
to Medina (380 kilometres) from sunset to sun- 
set, i.e. in 24 hours. It will be recalled that its 
routes lie through desertland, under the scor- 
ching sun, with no stream or cool place around, 
nothing but endless sand dunes stretching over 
wide expanses swept by hot winds. It is not 
for nothing that the camel is called “the ship 
of the desert”. Its amazing stamina and ability 
to tolerate thirst, heat and arid winds, and 
subsist on meager thorns instead of good food 
have always made people wonder. It is only 
recently, however, that the secrets of this un- 
precedented “heat-resistance” of the camel have 
been brought to light by accurate observations 
and experiments. 

A camel can live without water for a fort- 
night; the ancient writers did not exaggerate 
about this. But to make up for it, it may con- 
sume as much as a harrel once it has gained 
access to water. A camel which has been thirsty 
for three days may drink some forty litres of 
water at a time. After a week-long thirst it may 
drain a tank holding one hundred litres. 

This is the reason for the belief that the ca- 
mel had special reservoirs for water, which it 


tely a long time ago. This is confirmed by the fossil 
remains of one-humped camels found in Pleistocene 
strata. 


29 


filled like cisterns when drinking, the water 
being stored in its stomach for a long time and 
being used whenever required. 

It has been found, however, that the matter 
is not so simple. The camel has quite a number 
of amazing properties enabling it to do without 
water for a long time. 

Admittedly, some fifteen to twenty litres of 
a greenish fluid was found in its stomach, but 
this was not clear water, and it is not to this 
fluid that the camel owes its exceptional abi- 
lity to do without water for weeks. 

The camel consumes water very economically. 
It sweats very little even when the air is heated 
to 40°C. The thick hair covering its body safe- 
guards it against overheating and prevents the 
evaporation of liquid (in a sheared camel eva- 
poration is twice as intensive). The camel never 
opens its mouth even in the most intense heat 
because this would entail an excessive loss of 
liquid through evaporation. 

The camel breathes very slowly, making only 
eight respirations per minute in order to pre- 
vent loss of liquid with the air exhaled. Al- 
though the camel is a warm-blooded animal, its 
body temperature is subject to large variations: 
at night it drops to 34°C and rises during the 
daytime to 40-41°C (at noon). This also reduces 
loss of water. 

Apart from this, the camel is also able to 
store water in its fat reserves. It is known that 
fat consumed in the body yields much water: 
107 grammes per 100 grammes of fat. From its 
humps the camel may draw up to a hundred- 
weight of water, if necessary. 
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This animal is excellently adapted to the arid 
climate of desertland. It is unable, however, to 
live in hot and humid climates. It has failed, 
therefore, to acclimatize in Arfica, south of the 
Sahara Desert, although camels have more than 
once been taken there. 

In 1622, a member of the Medici family, 
Ferdinand IJ, bought several dromedaries. They 
carried cargoes over the sandy plains in the 
vicinity of Pisa. To this day, descendants of 
these camels are living in Italy. Other countries 
—Sicily, Spain, Austria, and, finally, the Uni- 
ted States—also have wanted camels. After a 
long debate, several enthusiasts succeeded in 
persuading the Congress to export from Turkey 
some thirty dromedaries “for the needs of the 
Army”. The camels were loaded on a ship at 
Izmir and carried to America. But when the 
ship was already at sea, it was discovered that 
it was not an easy job to carry such tall animals. 
Leutenant Porter who was in charge otf the ex- 
pedition ordered round holes to be cut in the 
deck so that the animals could raise themselves 
a little. The ship sailed off from Turkey with 
thirty-three camels on board but when she an- 
chored at an American port there were thirty- 
four, since one animal had died and two had 
‘been born en route. 

In 1856 the camels were taken to Texas*, fol- 
lowed a year later by another forty-four. They 
took part in many treks to the west and proved 
better drought animals than horses and mules. 
When the Civil War broke out, the Southerners 


* The first camels were brought to America way back 
in 1701, but nothing is known about their fate. 
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and the Northerners both had camels in their ar- 
mies. At the end of hostilities the camels cap- 
tured from the Southerners were sold to cir- 
cuses and Zoos. The camels of the Northerners, 
however, grew wild and scattered throughout the 
country. By the late 19th century, .Arisona be- 
came the second place on Earth where wild ca- 
mels were living. (Camels in a natural wild 
state have survived only in the Gobi Desert 
near Lobnor. They were found there by the 
Russian explorer Przhevalsky.) One or several 
thousand years after the last representative of 
the “proud” genus of camels had died in North 
America their immigrant descendants again set- 
tled in the deserts of the south-western United 
States. Some sixty years ago hump-backed “mus- 
tangs” were fairly numerous there. Cowboys cap- 
tured them by the dozens and sold to Zoos, 
while the Indians, as in former times, again 
shared pieces of roasted camel meat at their 
meals. Wild dromedaries are still living in Ari- 
zona (and apparently in Mexico on her border 
with Arizona). They were seen there as late 
as 1941. 
So the prodigal son has returned home. 


A ROAD OPEN AT BOTH ENDS 


A small bear with white “spectacles” around 
the eyes lives in the mountain forests of Colom- 
bia, Ecuador and Northern Chile. It is a very 
rare and timid beast. It seems that no Euro-- 
pean has ever seen it in its natural environment. 
The spectacled bear (Tremaretos) is an emigrant 
from North America. Together with the deer, 
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Blood relatives—vicugna (left) and alpaca, the domes- 
Licated descendant of the former 


Guanaco (wild llama), a humpless relative of the camel 


Caravans of llamas carrying bales are marching on the 
mountainous paths of the Cordilleras to this day 


A small living tank—the nine-banded armadillo 


cat, hamster and boar it migrated to the south 
several million years ago when the formerly 
non-existent Isthmus of Panama was formed. 

Many animals followed the path of llamas. 
Even the mastodon which had made a fairly 
long trek from Africa to Europe and from the 
latter to North America negotiated this inter- 
continental “bridge”, the third one in its wan- 
derings. The tapir also had come to South Ame- 
rica from North America. But it was not very 
much in haste, and migrated here latest of all, 
in the glacial epoch. Its relatives which had 
remained in their home country all died from 
cold brought by the advancing ice. The bisons 
came from the Chukotka Peninsula to North 
America evidently also in the glacial epoch. They 
multiplied prodigiously there but none of them 
ventured to go to the pampas and virgin fo- 
rests of the southern continent. This is quite 
strange. The mammoths which had migrated 
from Asia together with bisons also failed to 
go south farther than Mexico. 

Although the cats had made their way to 
South America from the north, later some of 
them moved backwards, for example, the puma. 
It returned to the country of its ancestors and 
today lives in every part of the western region 
of the United States and Canada. The same 
route, via Panama, was followed by other four- 
legged emigrants from the south—the opossum 
and coati, or coatimondi, which has made its 
appearance in Arizona comparatively recently, 
and also the armadillo. The latter is unique for 
always producing four or eight cubs of the same 
sex. Therefore, it has been chosen by zoopsycho- 
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logists for their experiments in which they study 
the reactions of animals completely identical in 
respect of heredity to various environmental 
conditions and training methods. 

The armadillos have lived in Mexico since 
time immemorial. By 1870, they had already 
crossed the northern border of the country and 
in search of ants burrowed the banks of the 
Rio Grande in Texas. Half-a-century later they 
reached Louisiana and dug their holes in all 
ground-nut fields. Today, nine-banded armadil- 
los also live in many other southern states: 
Oklahoma, Alabama, New Mexico, Mississippi, 
Arkansas, Kansas and Florida. They travel only 
at night as though abiding hy the rule: “the 
slower the safer”. They cross rivers in a very 
funny manner. When crossing narrow streams 
they walk on the bottom under water, holding 
their breath. They negotiate large streams after 
inhaling as much air as possible into their lungs 
and stomach. An inflated armadillo rolls down 
into the river and swims striking the water 
with its paws until it reaches safety on the op- 
posite bank. 

North America has also given shelter to many 
feathered immigrants from the hot south. The 
Californian griffons, cardinals, mocking-birds, 
local “orioles”, warblers, humming-birds are 
only a few of the large number of these mig- 
rants. Apparently, the birds were driven to the 
north by the high “demographic pressure” in 
the avian kingdom of South America. Indeed, 
this continent has the world’s largest bird po- 
pulation. Ecuador, which is a little larger than 
Byelorussia, is inhabited by eight per cent of 
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all birds known on the Earth, while in the tiny 
Panama the number of bird varieties is larger 
than in the whole of North America. 


AFRICA, LAND OF IMMIGRANTS 


When Gondwana land had broken up, the 
continental mass, later named Australia, beca- 
me surrounded by seas on all sides. The marsu- 
pials which a little earlier had spread through- 
out the world received the fifth continent in 
their complete possession. The non-marsupial 
mammals came into being only when this con- 
tinent had become an island. They could not 
have reached Australia across the ocean. Only 
the wild dingo dogs and rats came here riding 
on snags, while bats arrived by air (wild dogs, 
however, were possibly brought here by man). 

Australia is the world’s only country in which 
duck-bills and spiny ant-eaters, the most ancient 
of all animals, have survived. They continue to 
live just as their pangolin-like ancestors, hat- 
ching their young from eggs. 

Even plants are highly original in Australia: 
about one hundred species are non-existent any- 
where else in the world. 

Madagascar is yet another natural palaeonto- 
logical museum (as Australia is often called). 
It was separated from Africa when the Earth 
was inhabited only by primitive mammals (tho- 
ugh already non-marsupial). Such rare beasts 
as lemurs have survived in its forests in larger 
numbers than in other parts of the world. Of 
the fifty species of lemurs forty inhabit Mada- 
gascar. 
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Later, the wild boar and hippopotamus swam 
to the island (the latter has already died out 
there). 

They had migrated there from Africa but Af- 
rica was not their home country either. Many 
ot those four-legged animals which are believed 
to be African aborigines—lions, zebras, giraffes, 
hippopotamuses— migrated to the forests and prai- 
ries of the continent from the north. Africa be- 
came the home of hundreds of species of immig- 
rants from foreign lands. 

The forebear of the hyena for example reached 
this country from Europe which had apparently 
been the ancient homeland of all carnivores. 
There small beasts, the size of a squirrel, rela- 
tives of the modern hedgehogs and moles which 
also lived on insects and worms evolved into 
creodonts. 

These clumsy, short-legged and fierce creatu- 
res lived in North America some fifty million 
years ago. 

The creodonts gave origin to the myacides, 
the ancestors of wolves, bears, hyenas and cats. 
Later their evolution proceeded by different ro- 
utes. 

Among the ancient feline family the most 
ferocious carnivore was the sabre-toothed tiger 
mahairod which was not inferior even to the 
lion in strength. Its very long canine teeth were 
too big for its mouth and stuck out, like sab- 
res, on both sides of the lower jaw. The mahai- 
rod could open its jaws as wide as a boa. Lea- 
ping at its quarry it threw its head back and 
then plunged its fangs forcefully into the body 
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of a hipparion or antelope*. This tiger might 
even have attacked rhinoceroses and elephants. 

A million years ago sabre-toothed tigers li- 
ved almost everywhere—in Europe, India, In- 
donesia, Australia and North America. But they 
were not the ancestor$ of either the lion or the 
tiger. In fact, they were none’s ancestors since 
half-a-million years ago all sabre-toothed ti- 
gers died out without leaving any descendants. 

The ancestors of the lion could be found in 
Europe at that time. The people of the Stone 
Age left in their caves excellent drawings of a 
gigantic cat which seems to have given them a 
lot of trouble. This was the cave lion. It has 
been so named after discovery of its numerous 
drawings in the dwellings of cavemen. The lions 
themselves lived, of course, in the open air, in 
the steppes and groves. True, bones of killed 
lions are found in underground caves, too. Pos- 
sibly, they fell victim to cave bears when they 
entered the sombre abode of these bow-legged 
giants in search of warmth. 

Drawings and bones of cave lions have been 
found by scientists in the grottoes of Spain, 
France, Britain, Belgium, Germany, Austria, 
Italy, Algeria and Syria. In the Soviet Union, 
traces of the former habitats: of the European 
lion have been discovered in many places—near 
Odessa, Tiraspol, Kiev and even in the Urals 
and the Perm Region. It is hard to believe that 
lions lived in Russian forests only several thou- 


* Although it is supposed that the mahairod lived 
on carrion and used its terrible fangs to tear animal 
carcasses. 
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sand years ago. The climate in Europe was mil- 
der at the time. 

Later, cold winds began to blow from the 
north, and glaciers started their offensive (so 
many times, indeed!). The heat-loving animals 
left this unhospitable land*. But the lions sta- 
yed on. They hunted their prey in Europe until 
the last glacial period, while in Greece, Turkey 
and Transcaucasia they survived until the anti- 
que period. To kill the Nemean lion Heracles 
had no need to travel to Africa. Two thousand 
years later the famous hunter Tartaren of Taras- 
con, who dreamt of repeating Heracles’ exploit, 
failed to find a single lion in North Africa. 

Yet the celebrated Prince Vladimir Monomakh 
of the Kiev Rus once had a chance to fight a 
lion. He came across it somewhere on the lower 
reaches of the Don River. “A fierce beast lea- 
ped upon my knees and threw my steed and 
myself to the ground”, Vladimir Monomakh 
wrote in his “Behest to My Children”. This 
“fierce beast” was a lion, as it is believed by 
the zoologist I. V. Sharleman (see Journal of 
Zoology, No. 43, issue 2, 1964). “Fierce be- 
ast” was the name by which the lion was called 
by our ancestors, as it is stated in the “Slove- 
norossky Lexicon”. In addition, the repaired 
fresco in Kiev’s St. Sofia Cathedral showing the 
dramatic scene described by Vladimir Monomakh, 
depicts the image of a lion beyond al] doubt. 
If you visit Kiev examine this fresco carefully 


* The well-known palaeontologist Prof. Abel says 
that Africa became the home of many four-legged re- 
fugees ousted from Europe by cold. 
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to drive all your doubts away. (There was also 
a picture of the lion in certain emblems of an- 
cient Novgorod. It is thoroughly stylized but 
of all zoological figures resembles a lion most 
of all.) 2 

Even before the sabre-toothed tigers frighte- 
ned away game in the ancient steppes, carni- 
vorous beasts looking like dogs roamed the co- 
asts of the northern seas. They were skilful 
swimmers and divers and loved the sea as much 
as the polar bears do today. Gradually, the 
ancient dogs evolved into whales. 

Later their close relatives underwent a simi- 
lar metamorphosis and evolved into seals and 
walruses. 

The ancestors of hoofed animals were also near 
relatives of the carnivores. Both took their ori- 
gin from one and the same genus on the eve of 
the Cainozoic Era. “The tiger and the wolf”, 
writes the German scientist Dr. Alshner, “are 
the cousins of the antelope and the deer”. The 
birthplace of the majority of ancient hoofed ani- 
mals was North America. We know already that 
primordial horses and camels began their wan- 
derings there. The tapir and rhinoceros also star- 
ted their trek from this continent. 

The elephant, however, was “born” in Africa. 
A beast named the mariterium, which was as 
large as a hog, inhabited the swamps of the 
Nile at the same time as did the eohippus. Ins- 
tead of the trunk it had only a small prominence 
on the nose, like the curious baby elephant in 
one of Kipling’s fairytales. 

It is the meriterium that is the forefather of 
all elephants and mastodons. Their most dis- 
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tant ancestors lived in swamps. That is possibly 
why these thick-skinned animals like water so 
much. The cousins of the elephant—the sea cows, 
dugongs, and lamantins—have illustrated this 
familial loyalty by a convincing metamorphosis 
like the one at one time undergone by the whales 
and seals which adapted themselves to life 
in the ocean and developed fins. 

Europe was the home country of boars and 
deer (except for the northern deer), and Asia, 
of bulls, antelopes, goats, and apparently, gi- 
raffes. The Indian jungle was the first to be 
inhabited by primordial hippopotamuses, pavi- 
ans and apes. Later, they migrated to other 
continents. 

But why are the animals so restless? What 
makes them leave their native lands? 

The causes are numerous. 


FLEEING FROM COLD, FAMINE AND 
DROUGHT 


TEN MILLION RINGED BIRDS 


On May 21, 1822, a stork with its neck pier- 
ced by a long arrow was caught in Mecklenburg, 
Germany. Arrows like that had not been seen 
in Europe since long ago. It was an exotic, 
African arrow, as was established by experts. 
There was no doubt about this. 

This was a remarkable find, the first material 
evidence of the now generally known fact that 
European birds migrate to Africa for winter. 
Later, hunters caught another fifteen storks with 
arrows wedged in their bodies. True, even be- 
fore these findings some naturalists had already 
understood where many of our birds disappear 
in autumn but these were only conjectures which 
aroused many doubts. 

The most incredible “hypotheses” were advan- 
ced. It was believed—as the great Aristotle 
wrote!—that swallows and other small birds 
winter on the bottom of ponds where they lie 
buried in silt; or under the bark of trees or in 
old tree hollows; or turn into other birds in 
autumn: rooks into crows, and cuckoo into 
hawks to which it really bears a strong resemb- 
lance both in the manner of flight and colour 
of plumage. 
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As far back as 1703, one “pious and learned 
gentleman”, Bishop Hereford, stated in earnest 
that birds fly to the Moon for winter. 

But little by little the truth came to light. 
The birds had failed to keep the secret of their 
mysterious disappearance from the inquisitive 
human mind. The first information was gained 
in overseas travels. 

The German Emperor Friedrich II Hohens- 
taufen (1194-1250), setting out on a crusade to 
the East, saw southbound caravans of birds 
when he was sailing over the Mediterranean 
Sea. In his treatise on anatomy and training of 
hunting birds entitled “De arte venandi cuma 
rubis” he set forth an idea, which was a bold 
one in his time, that European birds winter in 
southern countries rather than underwater*. 

A serious study of the migration of birds was 
started as late as the end of the 18th century 
at the initiative of the Swedish naturalist Caro- 
lus Linnaeus who suggested that simultaneous 
observations on birds of passage and the routes 
of their migration should be carried out in 


* Friedrich II was in general a well-educated man. 
He took a great interest in philosophy and other sciences, 
particularly zoology and medicine, and invented medi- 
cal drugs. Rare animals were brought to him from Asia 
and Africa, and he studied their habits. He also dissec- 
ted cadavers and, as Pope Gregory IX wrote, “went so 
far as to describe as fools those who believed that the 
Almighty God was borne of a virgin”. 

Gregory IX condemned Friedrich II in encyclicals 
filled with abuse: “Look at the beast emerging from 
the deplk of the sea, with its mouth spewing biaspheriy, 
with the claws of a bear and ferocity of a lion. It opens 
its jaws to throw curses at God”. 
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different parts of Europe. This idea proved very 
fruitful. Such observations in which many scien- 
tists took part yielded valuable evidence. 

Yet we would not have Jearnt even a tenth 
part of what is known about the migration of 
birds today were it hot for the school-teacher 
Martensen of Denmark who proposed to put 
rings on their legs. 

Although this idea is usually attributed to 
Martensen, even before him some naturalists 
made similar attempts. In the early years of 
the 18th century, a certain Leonard Frisch wo- 
und a red woolen thread around a swallow’s 
leg. Next year he caught it in its nest and exa- 
mined the thread: its colour did not fade and 
no traces of silt were to be seen on it. Frisch 
concluded, therefore, that the swallow had not 
wintered on the bottom of a pond. 

In July, 1880, in Germany, the postmaster 
Detter put metal rings with stamped inscripti- 
ons on the legs of three young storks. In August, 
the storks left the quiet creeks of the Werra 
River which was their birthplace, and four days 
later one of them was killed in Spain, 1,200 
kilometres away from its home country. 

At about the same time, Friedrich Faltz Fein 
put a ring on the neck of a crane at Askania- 
Nova in the Ukraine. Later, the crane was caught 
in the Sudan under tragic circumstances, it was 
the first capture of a ringed bird in Africa. 

Even these timid experiments proved that 
birds flew away to the southern countries for 
winter. For a more detailed picture, however, 
systematic and extensive studies were necessary. 
Martensen realized this and got down to work. 
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He improved the methods of ringing after tes- 
ting many of them and finally chose rings of a 
light metal. The inscriptions on them indicated 
where they should be returned if a ringed bird 
is captured or killed. 

This time metal rings were put on thousands 
of birds, and an intensive study of their migra- 
tion was started. 

In Russia, the first mass-scale ringing of birds 
was begun in 1910 on the Sarema Island, Es- 
tonia. 

After the October Revolution, the experiments 
of Estonian naturalists were continued by young 
amateurs at the Sokolniki biological station in 
Moscow. From the environs of Moscow birds 
wearing rings with the inscription “BIOH, Mosk- 
wa”* flew to different parts of the world. La- 
ter a special State Bureau for Ringing of Birds 
was set up, and thousands of birds were ringed 
at game preserves. 

More than ten million birds were ringed. Of 
all the rings worn by small birds one of every 
hundred on the average is usually regained by 
ornithologists. In the case of game-birds one of 
every five rings is sometimes returned to biolo- 
gists. Of the ten million rings put on birds at 
least one hundred thousand have been returned 
to scientific institutions with a more or less 
accurate indication of the place where a ringed 
bird was captured. Drawing on this information, 
ornithologists have marked about one hundred 
thousand points on maps and plotted lines to 


* Bureau of Young Naturalists. Moscow. 
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another one hundred thousand points. These li- 
nes show the routes followed by birds driven 
away by the cold breath of the northern winter. 


SEAFARING LOONS 


One-fifth of all birds living on Earth do not 
stay stuck to one place in spring and autumn. 
Like the waves of a giant tide thousands of 
millions of birds fly to the north and south 
during these seasons. The number of nomadic, 
non-migratory birds is three times as large. 
When free from their duty of raising their young 
they also leave their nests and scatter through 
forests, fields and sea coasts far away from 
their homes. And only one fifth of the entire 
bird population of the Earth never leave their 
native places. These are sedentary birds. 

Each spring the birds which have wintered 
in the south return to their northern homeland. 
Flocks of “southern” birds follow in their wake 
from the polar and cold regions of the southern 
hemisphere where autumn comes instead of sp- 
ring. Driven by hunger and cold, they also 
hurry to the north but for wintering and not - 
for building their nests. Indeed, it is warmer 
in the north during the southern winter. 

The Antarctic skuas winter in Japan, and the 
bronzed cuckoos from New Zealand, on the So- 
lomon Isles. Many American birds hatch their 
young in Patagonia and seek protection from 
cold in the north, in the tropics of the New 
World. 

The Soviet ornithologist Prof. L. Portenko has 
happened to meet with these refugees from the 
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south even in the Arctic: in the Chukotka Pe- 
ninsula and near Cape Stone Heart. Throughout 
the summer, from July to September, thousands 
of slender-beaked storm petrels besieged the sho- 
res of the northern seas. In autumn, however, 
they flew southwards after other birds. The 
latter found shelter in China and India, whereas 
the antipodean birds continued their flight. They 
were not allured either by the green jungle or 
the silvery beaches of the Pacific islands; their 
destination was Tasmania where spring was co- 
ming back. 

The slender-beaked storm petrels hatch their 
young on this island and then migrate north- 
wards, cross the Equator and a month after 
their departure from Tasmania they can be seen 
catching shrimps near the shores of Japan. But 
they do not stay there for long; they fly farther 
along the Kurile Islands to the Kamchatka Pe- 
ninsula, the Aleutian Islands and Alaska. They 
cross the whole width of the Behring Sea and 
again return to the south along the western 
coast of North America. From California they 
direct their course into the open sea and soon 
close their famous “Pacific loop” landing on 
their nests on the rocks of Tasmania which they 
had left last southern autumn. Each couple re- 
turn to their old burrow (storm petrels live in 
burrows). How do they find it after such a long 
absence? Why do they fly so far away: isn’t 
there plenty of fish in the southern hemisphere? 

Science is unable to answer these questions 
so far. It is also a mystery why many tropical 
birds which are not threatened either by cold 
or hunger, set out on a long journey after rai- 
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sing their young. For example, the grey tyrant- 
bird which looks a little like the common shrike 
visits the selva of the Amazon River each year 
and returns to the West Indies when it is time 
to produce offspring. The oropendolas of Panama 
and the white-winged doves of Mexico fly in 
the opposite direction—northwards. 

But it is not always that the feathered mig- 
rants travel to distant lands on wings. Many 
birds travel on foot, for example the wild tur- 
key. It flies only over rivers, and for hundreds 
of miles treads the ground all along the way to 
its winter habitat in the south. Its relatives— 
the blue grouse and other North American part- 
ridges—follow suit. 

But the most enthusiastic pedestrian is the 
landrail. It is said to cover on foot most of the 
distance from the Russian meadows to South 
Africa. This, however, has not yet been proved. 

The wingless auks, now extinct, used to swim 
away from the severe northern winter. From 
Iceland and Greenland they swam to the coasts 
of America and Europe, and then travelled along 
both the Atlantic coasts lower and lower to the 
south, up to France and South Carolina where 
they remained for winter. When spring came 
the auks gathered into flocks and started on 
their way back over the globe. 

The auks no longer exist: the last couple were 
cooked by hunters some 120 years ago. But sea- 
faring birds, and not only penguins, still traverse 
seas and oceans. If you happen to be in the 
tundra in autumn, you will perhaps see them. 

The tundra in autumn is cold and cheerless. 
Snowflakes are whirling in the cold air. The 
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marshland mounds put on white caps of snow. 
The birds of passage have long left this unhos- 
pitable land. The lakes and rivers are deserted. 
Even the northern deer leaves for the taiga in 
the south. 

But the loons swim northwards escaping from 
winter. But why northwards, straight into the 
Arctic Ocean? one may wonder. Maybe the silly 
loons have lost their bearings? 

By no means. If we trace their further course, 
we shall see how the black-throated diver reach 
the northern coast of the Taimyr Peninsula. 
through the Siberian rivers, enter the Kara Sea 
and turn westwards. 

They swim further across the sea and gain 
entry to the Barents Sea through the Kara 
Strait. 

They swim further and through the Kara 
Strait enter the Barents Sea which they cross until 
they reach the mist-shrowded coast of Scandi- 
navia with its grim rocks and roaring surf. 
Their further course lies along the entire length 
of the Scandinavia beyond which they enter the 
Northern and then the Baltic Sea. Here their 
journey comes to an end, and they stay for 
winter in the west of the Baltic Sea. 

It is a gruelling task, indeed, to travel over 
3.500 miles from the Taimyr Peninsula to the 
Baltic. And mostly swimming, for that matter. 


A FLIGHT FROM THE ARCTIC TO THE ANTARCTIC 


Far beyond the Arctic Circle—on the islands 
of the Arctic Ocean, in Greenland and the nor- 
thern regions of Canada, Alaska, Siberia and 
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The arctic terns are amazing birds. Twice a year they 
cross the globe from pole to pole 


Visitors from far-away Tasmania—slender-billed shear- 
waters photographed by zoologist S. Marakov near the 
Komandorski Islands 


In this packing case the canary bird travelled more than 
30 kilometres on the back of the homing pigeon 


Europe one may find small white birds with 
black “caps” on their heads. These are the po- 
lar terns which hatch their young in shallow 
pits on the sea-shore. 

Polar terns sometimes settle so that snow far 
in the north may fall on their nests from the 
grey skies in July. To protect their young against 
cold winds the birds scoop snow into heaps and 
surround their nests with a wall of snow. 

In autumn, the terns leave the tundra for 
the warm southern countries. The regions where 
they winter, however, are only relatively warm. 
Indeed, these incorrigible cold addicts winter 
also in polar regions, but this time on the far 
side of the globe—in the Antarctic. 

From Canada and Greenland the terns fly at 
first to Europe, and meet their Siberian and 
European relatives near the British Isles. The 
flocks of terns mingle and travel to Africa along 
the coasts of France and Portugal. Near Senegal 
and Guinea their routes diverge. Some birds turn 
westwards, again cross the Atlantic Ocean in 
the direction of Brazil, from where they fly to 
the Folkland Islands and Terra del Fuego. Ot- 
hers remain loyal to Africa and only after pas- 
sing Cape of Good Hope steer a straight course 
to the Antarctic—the Ross and Weddell Seas. 
Other terns which have arrived from Alaska are 
already circling over the waves there. They had 
flown by a different route: along the Pacific 
coast of America. 

Twice annually, from the Canadian tundra to 
the Antarctic, the polar terns cover a distance 
of nineteen thousand kilometres from the Cana- 
dian tundra to the Antarctic. The length of 
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their round journey is equal to that of a round- 
the-world trip along the Equator. - 

Even longer voyages are made by terns of 
the Chukotka Peninsula and Anadyr. Before they 
turn south they fly thousands of kilometres along 
the Siberian coast of the Arctic Ocean. Having 
skirted Scandinavia from the north they direct 
their course to the African coast. But they do 
not stay in this country of hippopotamuses and 
lions for Jong and soon resume their flight to 
the Antarctic. 

In this way they cross the whole globe from 
one pole to the other! 

This unprecedented exploit of these little fli- 
ers inspired the Swedish oceanologist Dr. Kul- 
lenberg to undertake a difficult job of comparing 
the various stages of the route of polar terns 
with the hydrologic data collected by oceano- 
graphic expeditions. After a study of the sur- 
face temperature of the parts of the ocean over 
which the birds fly, he discovered that they 
carefully avoid very warm areas, preferring to 
make a thousand-mile detour in order to fly 
over cold currents. In these areas there is also 
more fish and crustaceans which terns catch di- 
ving from a height at which they fly right into 
the water. Thet routes over the ocean almost 
cuincide with those of the whalebone whales. 

The Wilson storm petrel also makes a round- 
the-world trip from pole to pole but in the op- 
posite direction. It winters near Northern Scot- 
land and Newfoundland and raises its young on 
Antarctic islands. 

The American golden plovers migrate in au- 
tumn from.the Canadian tundra to the prairies 
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between Rio-de-Janeiro and Buenos-Aires (via 
Labrador and the Western Atlantic). They re- 
turn by another route—via the Isthmus of Pa- 
nama and the Mississippi valley. The same route 
is chosen by young plovers when they start on 
their South American’ trip for the first time in 
their life. 

Plovers of Alaska and the Chukotka Peninsuia 
winter on the Hawaiian Islands. There is no 
land between the latter and Alaska. This means 
that the plovers which do not rest on water 
make a non-stop flight over a distance of 3,000 
kilometres in 22 hours. 

Plovers of Eastern Siberia fly to New Zea- 
land, while the sharp-tailed martins which are 
numerous in the Amur basiu migrate to Tasma- 
nia. Why don’t they stay for winter in a nearer 
place? 

The Amur merlin also makes a long journey 
to reach. its winter habitat: through Mongolia, 
India and the Indian Ocean it flies to South 
Africa where it stays until it becomes warmer 
again in its homeland. 

The tiny chiff-chaff (which weighs a little 
more than a coin) winters in Indonesia. It is a 
long way, indeed, from Siberia to Java. 


WHERE DO RUSSIAN DUCKS WINTER? 


In tropical Africa? In India? No, much nea- 
rer.* 

The mallards and teals which nest in the Eu- 
ropean part of the USSR (east of the Volga) 
fly westwards to the Baltic and the coast of 


* Only some of the East Siberian ducks winter in India. 
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the Northern Sea in autumn. From there they 
turn to the south. They winter in Western Eu- 
rope: in Germany, Britain, France, Italy, Yu- 
goslavia. Part of the ducks cross the Mediter- 
ranean Sea and winter in Algeria, Tunisia, and 
Egypt. 

Ducks of West Siberia and the regions on the 
left bank of the Volga fly in autumn to the lo- 
wer reaches of the Volga, the Ural and the Don 
Rivers, and then continue their travel to Trans- 
caucasia along the coasts of the Black and Cas- 
pian Seas. 

Here their routes diverge. Some flocks remain 
here for winter, others fly to Iraq and Iran. 
Still others turn westwards, to Northern Turkey. 

Certain mallards fail to reach Transcaucasia 
and fly to Rumania and other Balcan countries 
right from the mouth of the Volga and the Don 
Rivers over the Southern Ukraine. 

Starlings winter in Britain and Germany, swal- 
lows and storks in South Africa. The Nile valley 
offers refuge to cranes, white wagtails, warblers, 
snipes, lapwings and many other birds of the 
snipe family. 

“In the African savannahs”, Prof. S. Turov, 
a well-known Soviet ornithologist, writes, “nigh- 
tingales, hoopoes, flycatchers, Old World warb- 
lers, chiff-chaffs, yellow buntings, yellow wag- 
tails, tree pipets, whinchats and stonechats stay 
for winter. White and black storks, hobbies, 
cuckoos, reed and meadow hen-harriers, and 
terns fly further to the south over tropical 
Africa. 

But the yellow-breasted (oakgrove) buntings mi- 
grate from the meadows on the Oka River to India 
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and China instead of Africa unlike many 
song-birds of their home country. 

The oakgrove bunting is a newcomer in Euro- 
pean Russia. It has migrated here from Siberia, 
while Siberian birds usually winter in South 
Asia. The green chiff-chaff, just as the oakgrove 
bunting, migrates from west to east. In autumn 
it also flies to Siberia and later to India. 

The white goose, the Canadian crane and the 
little thrush migrate from the Chukotka Penin- 
sula and Alaska to America for winter. 

Early in August quails begin to move gradu- 
ally towards the Crimea. Every bird flies alone 
and it is not before they have reached the so- 
uth that they gather into flocks in places where 
they habitually rest and feed. In the Crimea 
and the Caucasus, flocks of quails are particu- 
larly large. They arrive here even from Siberia. 
On the slopes of the Yaila Range the birds wait 
for warm and clear nights to start out on their 
desperate flight over the sea. They do not 
stay in Turkey for long and hurry onwards to 
Africa. 

Quails always fly at night. Old World warb- 
lers, shrikes, rails, coots, cuckoos, urens, thrush- 
es, kinglets, orioles, yellow buntings, black- 
birds are also night travellers. 

On the contrary, certain loons, pelicans, storks, 
griffons, cranes, seagulls, pigeons, martins, swal- 
lows, starlings, crossbills, haw finches, ravenous 
birds and oxpeckers fly only in the daytime. 

The herons, ducks and geese take off in a good 
weather irrespective of the time of day or night. 
In general, small birds prefer to begin their jour- 
ney under the cover of night, whereas larger 


53 


birds and those which catch their prey in the 
air, such as martins and swallows, start out on 
their way when it is light. 


DOES EVERY CRANE CARRY A LANDRAIL ON 
ITS BACK? 

This is an old question. It attracted the inte- 
rest of naturalists even in antiquity, and it seems 
few, of them doubted that landrails really so- 
metimes rode on cranes. 

But medern science has rejected this idea as 
a myth, and considers it to be nothing more 
than a folk legend. 

However, the Americans James Harting and 
Dr. McEty have recently published observations 
which challenge this categorical conclusion. But 
the most complete evidence on this question 
has been submitted by the British naturalist 
Frank Laine. 

It is well known that many birds hunt flies 
and gadflies on the backs of large animals. Some 
oxpeckers, for example, settle on the backs of 
ostriches, storks and bustards. They ride on them 
like on self-propelled observation stations sear- 
ching for their prey—various grass-hoppers and 
flies—and attacking them on the fly from this 
point of vantage. 

The ornithologist Mayr was once watching 
a bee-eater in Africa. He has twice seen with 
his own eyes a bee-eater riding on the back of 
a bustard. When the latter started running the 
bee-eater lost its balance and fell off. But it 
flew in pursuit of the bustard and settled on its 
back again. And once again did it fall off when 
the bustard flew into the air. 
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The well-knownexplorer Samuel Baker hap- 
pened to see a flock of white storks hunting lo- 
custs and grasshoppers, scaring the latter out of 
grass. Some tiny birds (which Baker called fly- 
catchers) were sitting on the back of every stork 
like a rider on horseback. From this convenient 
position they were able to see wider “hunting 
grounds”. If a stork missed its prey, the flycat- 
chers took off in pursuit, seized it in the air like 
a falcon catching a duck and returned, each to 
its own host, to have a quiet meal on its back. 

A few other indisputable facts proving that 
birds sometimes not only ride but also fly on 
their larger kin have also been reported. 

When the tiny humming-bird, for example, 
attacks a larger bird encroaching upon its nest 
territory, it throws itself down upon the broad 
back of its enemy and pecks it violently with 
its beak, riding for some time on the back of 
the intruder. 

One of the American flycatchers, clinging to 
the back of the ravenous bird caracara, rides on 
the latter for over a mile, leaving behind a 
long trail of torn-out feathers. 

Another typical example is the travel (altho- 
ugh rather short) of fledglings on the backs of 
their parents. Some birds carry their young in 
their claws, for instance, the hahalaka, the South 
American helmet-quails, and the European wood- 
cock, while others transport them on their backs. 

It has been proved that woodcocks carry their 
young not only in their claws. A woodcock 
hen was seen to be flying over a fairly wide ri- 
ver, carrying two fledglings on its back. 

At an ornithologic conference devoted to the 
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woodcocks, where transportation of fledglings by 
these birds was under discussion, some zoologists 
reported having seen other birds--swans, partrid- 
ges, and mergansers—also carrying their young 
on their backs in flight. 

It is said that when young eagles, swans and 
cranes are learning to fly, clumsily flapping their 
wings, adult birds offer their backs to support 
them. The fledglings settle on them for a brief 
rest, then take off and fly on their own again. 

There is no doubt that in certain cases small 
birds ride on Jarger ones. But whether the latter 
can be used as a means of conveyance on a longer 
voyage, for example, during autumn migration, 
is still a question to be decided. 

According to many folk legends and popular 
beliefs, they can. An ancient Egyptian papy- 
ee “Every crane carries a Jandrail on its 

ack”. 

Today, the North American Indians, these 
inborn hunters and pathfinders, say that south- 
bound cranes fly over the fields and summon 
“passengers” by squeaks. Hearing their calls, 
small birds hasten to settle on their backs. When 
all seats are taken, the flock soars high into 
the skies and takes a straight southward course. 

The Indians assure that when a wild goose is 
shot down in autumn, a small song-bird “stow- 
away” may be seen leaping out of its plumage 
betore the hunter has time to pick up his trophy. 

Another story goes that when a flock of cranes 
is flying low, no small birds are seen among 
them, though their twittering may be clearly 
heard by one with a keen ear. It is probably the 
small birds hiding in the plumage of the cranes. 
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The traveller Gillimard describes a flock of 
cranes which were flying over a ship sailing in 
the Aegean Sea. One of them was shot down, 
fell on the deck, and several tiny birds immedia- 
tely flew out of its feathers. 

Speaking in general, quite a few strange ca- 
ses like this have been reported in various books 
and articles. If one is to believe them, humming- 
birds* hiding for warmth in the plumage of Ca- 
nadian barnacles have more than once been fo- 
und after the latter were shot down in passage. 
Once a short-eared owl was seen to be carrying 
a nettle-bird over a rough sea. This is reported 
by the ornithologist T. Nelson, author of the 
book about the birds of Yorkshire. It was mid- 
October. A strong cold wind was blowing short- 
ly after a storm which had been raging for two 
days (near the eastern coast of Britain). The owl 
was flying low above water. The witnesses who 
told Nelson about this fact saw from a boat, 
when the bird was flying over their heads, that 
it was carrying something on its back. To take 
a closer look at the “passenger” they fired a shot 
at the owl, which dashed aside in fright, and 
its rider lost its balance and fell down. It was 
a tiny uren, so tired that it was almost unable 
to fly and was captured easily. (In addition to 
this, several other cases of urens flying astride 


* In Canada, two varieties of migratory humming- 
birds—the ruby-throated (in the eastern USA and Ca- 
nada) and the red firebird (in the north-western USA and 
the western states of Canada) are encountered. These 
birds winter in Mexico after covering a distance of over 
four thousand kilometres above land and sea in spring 
and autumn. 
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of short-eared owls have been described. One 
uren which was hardly alive, was found in the 
plumage of a killed owl. This was one of the 
Scandinavian urens which migrate to Britain for 
winter.) 

Nelson wrote that the uren had possibly never 
intended to travel across the Northern Sea on 
an owl. Most likely it was flying to the south 
on its own, but became exhausted because of a 
bad weather and took a brief rest on the back 
of its stronger fellow traveller. 

This opinion is shared by some other zoolo- 
gists. During long-distance flights, especially over 
the sea and in a bad weather, the birds become 
so tired that they are ready to settle on anything 
to have a respite rather than fall into the sea 
(which often occurs also). It is their good luck 
to meet a ship in the sea. The birds settle on 
her rigging, masts and deck structures. Someti- 
mes, they are so numerous that the masts are 
literally black from the multitude of birds sitt- 
ing close together. They keep sitting there for 
hours on end, particularly when the ship is sail- 
ing towards their destination. 

McEty says that knowing that dead-tired birds 
settle on ships one has good reason to suppose 
that sometimes they may choose larger birds 
flying over the sea as a vehicle for transportation. 

He adds that this means of travel is not, of 
course, of great importance for seasonal migra- 
tions of birds, yet there is no doubt that such 
things happen occasionally. 

The majority of zoologists, however, still have 
their doubts. The latter have two aspects, so to 
say: physical and psychologic. 
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“Is a bird strong enough to carry a passenger 
on its back?” This is the first question which 
naturally arises in discussions on this problem. 

The answer should apparently be as follows: 

If a woodcock is capable of carrying its young, 
other birds also can fly with a load on their 
backs. Finally, there is experimental evidence 
as well. Once a homing pigeon with a canary 
bird fastened to its back was released during 
a nation-wide compaign for the protection of 
nature in the United States. A living canary 
bird was put into a cardboard box and tied to 
the pigeon’s back like a rucksack. With this 
load the pigeon successfully flied over a distan- 
ce of more than thirty kilometres. 

Thus, it has been proved experimentally that 
birds can carry on their backs other, smaller 
birds, for which they have sufficient strength. 
But there is another question, whether small 
birds are clever enough to use larger birds as a 
means of conveyance, and whether the latter 
have good will, as it were, to help their kin on 
this difficult journey. 

You will see below that animals often exhibit 
more intricate patterns of behaviour. 

Therefore, in the question under discussion one 
should display caution and abstain from any a 
priory conclusions. The truth can be established 
only by accurate observations. 


THE DEER DEPART ALSO 


The northern deer is one of the youngest ani- 
mal species and undoubtedly the youngest of the 
deer damily. Its history began simultaneously 
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with that of man. About a million years ago, 
the northern deer originated from the American 
deer, some species of which had adapted them- 
selves to life on the unsteady marshland soil. 
To this day, a “cousin” of the northern deer is 
hiding in the swampy forests of Brazil. It resem- 
bles its older relatives in many respects, parti- 
cularly in the structure of the hoofs which are 
suitable for walking on quagmire. 

The deer, which looked like that, lived in 
North America in the preglacial period. When 
giant glaciers began to advance from the north 
of the continent, destroying luxuriant forests 
and razing hills and mountains, the northern 
marsh-ridden tundra following in the wake of 
the glaciers invaded huge areas in the south of 
the North American continent also. The deer, 
which were forest inhabitants, had to get accus- 
tomed to a new environment. Marshland deer 
which had already adapted themselves to life 
on the unsteady soil of the forest mires, gradual- 
ly developed into genuine inhabitants of the tun- 
dra—the northern deer. 

When the glaciers had retreated northwards to 
the polar countries, they were followed by the 
northern deer, for which the tundra had become 
their native land. From Alaska they migrated 
to the Chukotka Peninsula and spread further 
throughout Siberia. The northern deer came to 
settle in new countries also from the West: thro- 
ugh Greenland they came to Iceland, the Spits- 
bergen Island and further to Western Europe, 
where in the glacial period they could be met with 
almost everywhere, except for southern Spain, 
Italy and the Balcan Peninsula. 
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In this period, the northern deer lived even in 
the Ukraine and the Crimea. 

Way back at the dawn of history man and the 
northern deer had their fates linked together 
with firm bonds. Amgng the pictures drawn with 
raddle on ‘the cave walls horned figures of nort- 
hern deer are found quite frequently. The deer 
and the mammoth were a top-grade quarry for 
people of the Stone Age. 

At first, people hunted the northern deer for 
food and later began to domesticate them. 

Today, just as in the past, it is difficult to 
live without deer in the tundra. They are used 
as draught animals; they are also a source of 
meat, milk, cheese and butter, and their fur is 
used for clothing. 

The herd of northern deer in the Soviet Arctic 
regions numbers about two million head. There 
are half-a-million in the Scandinavian countries 
and a million in Alaska. 

To America domesticated northern deer were 
imported comparatively late—at the end of the 
last century. Until then, the Eskimo and Cana- 
dian Indians had known only wild caribu roam- 
ing the American North in herds which were 
literally innumerable. One of such herds was said 
to be moving past a group of dumbfounded hun- 
ters for four days and nights. For a long time 
after, the hunters were haunted by memories of 
countless horns of caribus marching past their 
log cabin. 

They say the herd consisted of at least twenty 
five million animals. Indeed, countless herds of 
deer were wandering in the Asian tundra at that 
time. Peter Pallas, a well-known explorer of 
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Russia’s animal kingdom, was told by a witness 
about northern deer he had seen in the valley of 
the Anadyr River. All day they were marching past 
the camp. The sun had set and it grew dark. But 
all the night through the campers heard the 
tramping of their hoofs. When morning came, 
there was still no end in sight to this army of 
deer. It was only on the third day that the 
rearguard of this mammoth herd came into 
view. 

This happened in the late 18th century. Now 
only memories have remained of the fantastic 
herds of northern deer. Large herds have survi- 
ved only in the tundra of the Taimyr Peninsula, 
on the lower reaches of the Lena, Yana and 
Indigirka Rivers. The number of northern deer 
which have survived here is estimated at about 
300,000. 

Deer trails have shown Russian explorers the 
way to Lyakhov Island (in the New Siberian 
Archipelago). Each autumn, northern deer gat- 
her into herds and leave the tundra. They migra- 
te to the taiga five to seven hundred kilometres 
away from their summer habitats. The tundra 
in winter cannot provide food for all, and, be- 
sides, it is warmer in the forest. In the taiga, 
the deer nibble at the shaggy beards of the li- 
chens, dig into snowdrifts on the barren slopes 
of the Siberian mountains where the snow is 
scant, and graze on Iceland moss, grass and 
mushrooms powdered with early snow. 

When deer are on the march the tendons on 
their legs rub against bones and crackle like 
strings. For the nomadic deer this crackling is 
like a radio signal for an airplane which has go- 
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ne astray helping the animals to find each other 
at night and in a snow storm. 

Caribous swim across wide rivers without dif- 
ficulty, because their fur is pneumatic, as it 
were. Every hair is filled with air. When a deer 
is swimming, its fur Supports it on the water like 
a life-belt. 

In every beast, hairs are thicker at the roots, 
but not so in the northern deer. That is why its 
hairs tightly adhere to one another, forming a 
close-knitted coat. Even in a snowstorm, it is 
difficult for the wind to penetrate this fur, 
which like an armour protects the deer against 
attacks of a fierce gale. Only 140 g of body 
weight falls upon each square centimetre of surface 
of its broad hoofs (even in the elk, the pressure 
is four times as large). This means that the 
weight with which the northern deer is pressing 
on the ground is only one seventh of that from 
the atmospheric air. The deer runs over marsh- 
land like on Canadian skis. The camel is called 
“the ship of the desert”. By analogy, the nor- 
thern deer may be named “the cross-country ve- 
hicle of the tundra”. 


SOUTHBOUND WHALES 


Twice annually, large shoals of squids, pe- 
lagic octopuses, various fish, crustaceans, jelly 
fish and other sea nomads whose translucent 
bodies fill the surface layers of the ocean migrate 
northwards in spring and southwards in autumn 
along the Kurile Islands, the western coast of 
North America and both sides of the Atlantic 
Ocean. The fish and squids, crustaceans and 
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flying snails are followed on this long journey 
by whales and dolphins. 

Year after year, whales migrate by the same 
routes as though the latter are indicated by in- 
visible landmarks. In northern England one very 
conspicuous whale used to swim past a small 
village ror 20 years running. For nineteen years 
it had been hunted by the villagers, and in the 
twentieth year it was killed. 

Many biologists believe that in autumn wha- 
les* migrate to the south where they bear off- 
spring in the warm tropical waters. The newly- 
born calves have a very thin layer of fat under 
the skin (of course, relatively thin, by whale 
standards). That.is why they may die from cold 
in winter in the polar and peripolar seas where 
they come to feed in summer. It may be conclu- 
ded, writes S. Klumov, a prominent Soviet ex- 
pert on whales, that “biologists silently agree 
that in winter adult whales” might live in cold 
seas also. True, food on which they usually 
subsist is scant there in this period but whales 
build up large reserves-of fat during summer. Are 
these reserves large enough to last them through 
winter in the ice-cold waters of the polar regions? 

Klumov answers a resolute “no” to this ques- 
tion, because fat expenditures required to keep 
the whale warm are too large here. Indeed, in 
a cold environment, warm-blooded animals spend 
much energy to maintain a constant temperature 
of the. body. 

Mammals fairly well tolerate a reduction in 


* Whalebone whales with a baleen with which they 
catch crustaceans, small fish and squids. 
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Birds of passage resting on a ship’s rigging 


This is the famous tree-climbing fish which can be drow- 
ned in water 
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the temperature of the air or water (in case they 
are aquatic) to 5°C above zero. In this case, the 
energy spent to keep their body warm is increa- 
sed only two-fold. But a fall in the temperature 
below 5°C is immediately followed by a five-fold 
increase in heat losses. No store of fat will be 
large enough in this case however great its re- 
serve built up during summer, particularly when 
crustaceans are nearly absent in their environ- 
ment (in winter they descend to depths inacces- 
sible for whales or also migrate southwards), so 
there will be nothing to replenish these “fuel” 
reserves with. 

The energy reserve, i.e. fat, Klumov writes, 
will be quickly consumed, and the subcutaneous 
fat, which is, in effect, the whale’s “fur coat” 
will grow too thin, so the “animal will die from 
hunger and cold”. 

That is why whalebone whales migrate to the so- 
uth in autumn. In the south their food is also scant 
and whales starve there almost through winter. But 
to make up for it, in this season the water in the 
tropics is warm, somewhere between 25 and 27°C. 
In such an environment, very little energy is 
needed to keep the body warm, and a whale can 
lead a fairly tolerable life for five or six months 
even without food. 

According to Klumov’s theory, the autumn 
travels of whales are an extremely specific type 
of migration. Whales escape to the south in 
order to save their summer fat reserves. 

Only for half-a-year do whales find abundant 
food in the sea to support their existence, while 
in the cold seas where a rich zooplankton deve- 
Jops in summer they mainly feed on various 
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kinds of crustaceans drifting at the sea surface. 
In the polar seas these crustaceans are not only 
much more numerous than in the tropics and 
subtropics but also better-fed and more nutri- 
tious. 

In the tropics, the whales would have to eat 
six tons of low-caloric local plankton instead of 
one ton. And it would have been physically un- 
able to filter such a large amount of food in 24 
hours, even if for the shortage of time. 

Thus, the whalebone whales eat nothing for 
half-a-year whereas for another half-a-year 
they have plenty of food on which to build 
up their fat reserves lasting them during 
the months of hunger they spend in the warm 
seas. This is like hibernation in bears: indeed, 
“fuel” is saved by sleep also. 

As you see, migrations of whales differ from 
the passage of birds, which never starve in the 
hot countries. 


FISH TRAVELLING OVERLAND 


The pelican flapped its wings and flew away, 
displeased with its forced departure from the 
lawn where it had been enjoying a feast, fumbl- 
ing in the grass with its beak and taking out— 
what would you think?—fish! 

The people who had scared it saw fish crawling 
all over the ground and rustling through the grass. 
“Without soaking our feet”, a government of- 
el told later, “we packed two bagfulls of 

sh”. 

This happened in India. The fish which the 
pelican was hunting are called anabases. Way 
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back in the 9th century, two Arab travellers des- 
cribing. the wonders of India mentioned these 
pedestrian fish. In 1709, Lieutenant Faldorf stood 
in amazement before a palm tree on which fish 
were crawling like lizards. They looked like 
perch. They caught on the bark with the thorns 
on their gill covers. Hanging by them they bent 
their tails and plunged their sharp anal fins into 
the tree. Next they straightened their tails and 
pushed themselves upwards to catch on a higher 
place with their gills again. 

Faldorf brought several of these tree-climbers 
home. For a long time they were crawling over 
dry sand in his shed. 

After Faldorf, many explorers witnessed the 
dexterity with which anabases climbed over fair- 
ly high and steep obstacles. Once a strip of 
cloth was put into an aquarium for anabases at 
the Institute of Fishery in Madras, India, and 
the fish managed to climb out of the water over 
this smooth and almost vertical “wall” without 
particular difficulty. 

In Indonesia, the anabases are called “undi- 
colli” (tree-climbing fish) and are said to climb 
palm trees to regale on their sweet juice. Of 
course, the anabases do not drink palm juice 
but they really climb trees. Perhaps they do 
it by mistake: they are not clever enough to 
bypass a tree when they come upon it and stub- 
bornly climb upwards because this is their way 
to overcome obstacles. 

Anabases inhabit quiet creeks, lakes, ponds, 
swamps and even rice paddies in India, Bur- 
ma, South China, Indonesia and the Philippi- 
nes. Small ponds in which these fishes hunt 
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mosquito larvae dry up early when the weather 
is hot. That is why the anabases take the road by 
the thousands. 

They usually travel at night but may also 
be seen in the daytime when the last groups 
of these pedestrian fish are reaching a new pond.* 

It may happen that anabases fail to find wa- 
ter at once. But they do not lose their heart and 
keep going, hiding from the sun in the daytime 
and resuming their journey at sunset. The ana- 
bases can do without water for six days if the 
soil igs moist enough. 

How do they manage it? The anabas is one of 
the Anabantoiformes. It has a labyrinthine or- 
gan—something like the lungs, as it were—in 
its head above the gills. But the lungs lie in the 
thoracic cage, while labyrinthine organ is in the 
head. Moreover, the lungs are filled with air 
from inside like bellows, while the blood is cir- 
culating on the outside, in the blood vessels 
piercing the lung walls. On the contrary, in the 
labyrinthine organ the blood flows inside of a 
sponge-like lump of intricately twisted laminas 
and folds, while the air flows over this structure 
on the outside. It gets access into the labyrin- 
thine organ through the mouth which the fish of- 
ten keeps open above the water surface. The 
gills alone are unable to supply its body with 
the required amount of oxygen. 

Moreover, if an anabas is not allowed to in- 
hale air, its labyrinthine organ will be filled 


* They are restless even in aquariums and every 
night climb the walls, trying to escape. Therefore, aqua- 
riums with anabases are covered with lids at nightfall. 
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with water, and the fish will die from suffoca- 
tion. 

Labyrinthine organs are found in all represen- 
tatives of the family Anabantidae. But among 
their numerous relatives only anabases are ca- 
pable of crawling on land in search of a better 
residence. 

They, however, are not pioneers of terrestrial 
life. The first to come ashore and crawl on land 
was the crossopterygian, the lobe-fish (now ex- 
tinct). The fins on the belly of that strange crea- 
ture were a little like underdeveloped paws. 
Gradually they transformed into full-size extre- 
mities. The fish left water for good and began 
to lead a new life on land. This was a turning 
point in the history of life on earth in general. 


CROCODILES MIGRATE, TOO 


This really happens sometimes. One of such 
migrations was described by witnesses in India. 

The crocodiles got under way at night. They 
had gathered into a fairly large herd. Their lea- 
ders, however, if there were any at all, were ob- 
viously inexperienced and did not know which 
road to follow. Therefore, the crocodiles squeezed 
their way through thickets and crop fields and 
were finally lost in the maze of streets of a small 
Indian town. When townspeople went out of 
their homes in the morning they had to meet 
quite a few unbidden guests at every step. The 
crocodiles were everywhere: in the streets, back- 
yards, and wells. Many of them got entangled 
in wattle-fences, others climbed into hen-coops 
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and fiercely opened their jaws at the sight of 
people, as though the latter, who had been fast 
asleep on that fatal night, were to blame for 
their misery. 

The same cause that drives anabases out of 
their ponds forced the crocodiles to migrate be- 
cause the swamps where they lived had dried 
up. 
For the African hippopotamuses migration is 
nothing out of the ordinary. Twice yearly (in 
dry and rain seasons) they leave many of their 
native places and return there again when the 
parched river beds have been filled with turbid 
streams of water. 

Many hoofed animals have escaped extermina- 
tion in the Kalahari Desert, South Africa. When 
heavy rains saturate its barren soil with moistu- 
re, grass seeds and rhizomes which have been 
lying dormant under sand awaiting a rain be- 
gin to sprout. Wild water-melons stretch out 
their long tentacles over stones. Welwitschia- 
monsters cover them with their gigantic leaves. 
The desert turns green with verdure. Zebras, 
gnus, oryxes, elands, mountain and other ante- 
lopes scatter through the rich pastures. 

But it is not long before the bosom of the Ka- 
lahari Desert is stripped of this beautiful garb. 
It is soon scorched by the sun. And then herds 
of animals wander over much-trodden paths from 
one surviving oasis to another. At places, in 
forests and narrow valleys, along the banks of 
undried rivers they gather into such innumerable 
herds that it takes one’s breath away even to 
read about it. 
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Way back in 1929, a certain traveller happe- 
ned to see a mixed herd of gnus and zebras the- 
re. According to his story, it contained at least 
ten million animals. The vanguard of this un- 
gulate army stood aghast some two hundred 
metres in front of him while the rearguard was 
lost in haze beyond the skyline—sixteen kilome- 
tres away from the dumb-founded man. 

But not only beasts but also birds are driven 
by drought from their favourite places of which 
Australia gives us the most convincing example. 

In the desert expanses of this continent rain- 
fall occurs only twice yearly, and it is difficult 
to foresee when this is going to happen. A sho- 
wer of rain, however, is followed by a revival 
of nature. Within a fortnight, when the soil 
has not yet dried up, the trees and grasses break 
into leaf, open their flowers and throw their 
seeds into soil. 

As soon as the buds have burst open, birds 
fly to shrub forests visited by rain. The tiny 
sun-birds avidly suck the sweet juice of flowers 
(and pollinate them without knowing it). Par- 
rots for which Australia is so famous give out 
hoarse shreaks, besieging trees hung with astrin- 
gent fruit. 

But the soil grows parched from heat, the leaves 
on the shrubs fall off, the grasses wither, and the 
birds leave their temporary shelters. Their flocks 
disappear beyond the skyline one after another. 
They have set off in search of new oases brought 
to life by rain. There is little hope that they 
will find them nearer than a hundred miles 
away. 
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A TRAVELLING “MEAT STORE” 


Even lions get out of their way. If they don’t, 
failing to escape in good time, the herd will 
engulf them. And willy-nilly, the lions will 
have to run together with the antelopes because 
it is not easy even for these powerful beasts to 
get out of the tangle of thousands of bodies run- 
ning at a mad speed. 

Whether this has ever happened to lions is 
hard to tell with certainty, but dogs have more 
than once found themselves in such a predica- 
ment. A herd would dash away in panic from 
the hunters and carry the dogs before them in 
their wild race across the plain. The dogs would 
run for their lives, vainly trying to escape their 
death under the hoofs, but all the same they 
would be trampled down: the antelopes would 
outstrip them on the flanks and the dogs would 
be engulfed by inside of the herd once and for 
all. 

Even a human being would do wise to keep 
away from a thousands-strong “mob” of these 
fast racers. 

What is more, they wouldn’t be stopped even 
by brushfire. Farmers used to put dry grass on 
fire to scare away herds of antelopes from their 
pastures. The antelopes in the front ranks were 
frightened by the fire but were pushed forward 
by those behind them.* The herd would break 


* The same order was used in the Macedonian pha- 
lanx: the rear ranks pressing upon the front ranks for- 
ced the latter to go forward. With this disposition there 
was no way to retreat: in the front ranks of the phalanx 
even a coward had to become a brave man. 
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through the fire line and wipe out the flames 
with millions of hoofs. Only cannon shots could 
scare the antelopes, though not always either, 
and force them to take another route in their 
devastating race. 

These mountain skippers are very much like 
gazelles. They are called “skippers” for vheir 
magnificent leaps, but what they have to do 
with mountains is a mystery not to be dis- 
cussed here. Until recently their numerous herds 
roamed the prairies and semi-deserts of South 
Africa, to the south of the Zambezi River. In 
the rain season when grasses covered the fields 
like a green carpet and turbid streams filled the 
beds of dried-up rivers and lakes, the antelopes 
would scatter over the boundless plains. They 
would wander in small flocks from one pasture 
to another. 

Then summer would come and bring a drought 
in its wake. The lakes would dry up, the grasses 
wither, and the desert would take the offensive. 
The antelopes would leave their native places. 
Like a snowball rolling down a mountain slope 
the herds moving first would carry with them 
all others they met on their way. And soon an 
irresistible mass of “goats” (as they were cal- 
led by the Boers who ruthlessly destroyed them) 
would tread the parched soil of the savannah. 
Some herds consisted of fifty, others, of one 
hundred thousand and sometimes even a million 
animals. But it was not every year that the an- 
telopes escaped from a drought by one and the 
same route. Usually, they moved southwards, 
from the Kalahari Desert to the Orange River. 
Each locality, however, had its own pathways. 
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After completing their trek over a large arc- 
shaped route the antelopes turned back and 
returned to their native places right by the be- 
ginning of the next rain season. In this way, 
they covered about five hundred kilometres, or 
so. 
When everything was calm around, the ante- 
lopes moving in front would lazily nibble the 
grass. The vanguard and rearguard of this mi- 
grating army constantly exchanged their po- 
sitions. 

Where this army had passed a barren waste- 
land was left. That is why the white settlers had 
an intense hatred for the antelopes. A herd of 
10,000 head could lay waste a thousand hectares 
of pastureland in one day. 

But all local tribes hunted antelopes for food. 
They always had fresh meat at their disposal; one 
only had not to idle and go and take it from a 
travelling “meat store”. 

Today, only memories have remained of the 
fairytale times when game roamed the prairies in 
countless herds. True, the antelopes have not 
yet been exterminated completely. They roam 
their old paths as before but in very much smal- 
ler herds, 


IN SEARCH OF LAND 


HAREMS ON THE KOMANDORSKI ISLANDS 


In winter you will hardly see fur-seals at the 
Komandorski Islands. All of them are busy 
hunting fish far away in the south, in the blue 
spaces of the ocean. But towards the beginning 
of May fur-seals swim to the Komandorski 
Islands. They are headed for the Seal Island, 
the Pribylov Isles and California. 

Old males are the first to appear there. For 
two or three days they swim near the coast and 
find out if there is any danger. Then they come 
ashore with caution and climb the stones whe- 
re the surf fiercely batters the cliffs. 

They shake themselves, look round and smell 
the air, lie down with their heads raised high and 
listen. These are scouts, which have come to 
find out whether this place is still fit for abode, 
marriage and bearing offspring. 

But everything is calm, and the seals dive 
into the sea. The rocky coast is again deserted. 

A little later a large herd of fur-seals arrive 
from the sea and crawl upon the black stones. 
These are again only males, old and young. 
But old seals drive young ones away, and don’t 
even let them come ashore. If there is little 
space the latter only spend the night-on shore, 
taking a nap somewhere aside. At dawn the old 
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males again push them into the sea. Until the 
age of six years a young seal has no chance to 
marry. But when he grows older he will also 
find a suitable place on the shore, about twenty- 
five square metres in area, and will settle there 
with his family on a naked rock. And his family 
is very large, indeed: an old seal has ten to fif- 
teen wives. If good luck comes his way (or bad 
luck, depending on the point of view), it may 
even have some fifty pretty, fluffy females hug- 
ging in a close circle to their master towering 
like a monument above them. Each of them 
brings him one calf. 

The husband has many things to attend to and 
his chief business is to keep a zealous eye on his 
wives which may be abducted by his neighbour. 
“This is a very simple matter”, A. Bram writes. 
“A male grasps one of the females with his teeth, 
carries her over the heads of the others like a 
cat carries a mouse and lands her in his own ha- 
rem. There is none to complain to about the kid- 
napping. If the husband kicks up a fight in de- 
fence of his rights, in the meantime his other 
wives may be stolen by his neighbours. 

But all this will happen later. So far there 
are no females on the island. Only males are 
fighting for places where to keep theic future 
harems. 

Every old bull usually hastens to the same 
rock where he had lived with his family in ear- 
lier years. One fur-seal was known to have re- 
turned to his favourite cliff from its long voyages 
for seventeen years at a stretch. This seal was 
easily recognized by the absence of one of his 
front fins apparently bitten off by a shark. 
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At last the hustle on the shore dies down: the 
seals have taken all free places and lie lazily 
waiting for females. The latter will not appear 
soon, but their bridegrooms are patient. 

In mid-June the first females arrive. Just as 
the males they swim*’in herds. Many search for 
their old “husbands” climb the cliffs, look out, 
shreak and listen hoping to hear the familiar 
voice. And often the male calls back, indeed. 
Also frequently they hear no response: their 
“husband” has perished somewhere in the tro- 
pical seas. Then the females hobble to another 
place, calling out and searching for another lo- 
ver in the crowd of fin-footed beasts bustling on 
the shore. 

Other seals, which are still too young to have 
their own families, are swimming along the 
coast and force “unmarried” females to climb 
on shore. Here they are immediately captured 
by veteran “husbands”. The latter are chuck- 
ling affectionately, puffing and playing to lure 
them into their harems. If a female does not 
yield to persuasion, a sea bear resorts to force: 
he growls, shows his teeth and sometimes even 
bites her. 

Within a few days of the arrival of females 
at the island, they give birth to their young. 
The newly-born whelps are naturally not the 
progeny of the “sultan”, who is awkwardly 
crawling on his belly around his “wives” and 
snarling at his rivals. His own offspring are born 
only next year at about the same time and most 
likely in another old bull’s harem. 

In August the old bulls leave their “wives” 
and dive into the sea one after another. They are 


77 


soon followed by younger sea bears, females and 
males born last summer. Only a few beasts re- 
main on the island in October. With the com- 
ing of winter fur-seals hasten southwards to the 
warm areas of the Pacific Ocean. Their voyage 
is very long, indeed. Some of them migrate 
thousands of kilometres away from the small 
islets lost in the cold sea where they had been 
born in the short Arctic summer. 

Their relatives—sea lions—also search for land 
when it is time for their females to bear offs- 
pring. Just as the fur-seals they swim to seclu- 
ded islands, where they gather into herds. 

All summer the Greenland seals hunt fish in 
the far north of the Atlantic Ocean, at the edge 
of theeternal ice. In autumn, they swim south- 
wards. In December thousands of them swarm 
like black slugs, when viewed from an airplane, 
on the ice of the White Sea. 

In February, seals give birth to snow-white 
cubs or whitecoats. For three months, until May, 
these baby seals will lie on cold ice. And in May, 
when spring comes, they swim after their pa- 
rents northwards, to the Arctic Ocean. 

In the polar ice fields near Greenland, Spitz- 
bergen and the Franz Joseph Isles they will meet 
their kin, which have been wintering in America. 
The way in which Greenland seals share their 
winter quarters is rather strange. Some of them 
winter at the Newfoundland Island, others on 
the Jan Mayen Island (midway between Green- 
land and Norway), still others choose drifting 
ice-floes in the straits of the White Sea. Apart 
from these three colonies Greenland seals are not 
to be met with anywhere else in winter. 
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RAIDS OF GRUNIONS 


The grunion is a very strange fish spawning 
in moist sand on the sea shore. Where and when 
grunions will spawn is even announced in the 
press and radio broadcasts. Like this, for exam- 
ple: “The arrival of grunions is expected to-mor- 
row at midnight”. 

When the time comes and the clock strikes 
midnight, thousands of cars are cramming the 
approaches to sandbars. 

Bonfires are built all along the coast. It is 
light in spite of the night. Every wave rolling 
upon the sandy beach carries silvery fish, which 
climb on shore. They are simply innumerable. 
Their scales sparkle as they crawl upon the 
sand, while the waves bring on their foaming 
crests more and more newcomers from the King- 
dom of Neptune. 

People on the shore are already waiting for them. 
Joking and laughing they collect the leaping 
fish and carry them to bonfires, where they are 
cleaned and smoked. 

No fishing or sweep nets are to be seen. The 
fish are caught with bare hands. 

Grunions are not larger than herrings in size. 
They live in the Pacific Ocean, near the coasts 
of California and Mexico. Each year, from March 
through July, on moonless nights or during a 
full moon, when the tide is at its height, immen- 
se shoals of grunions approach the sea coast. 

The fish get access to the shore with tidal 
waves. The sandy beeches seem to sparkle with 
silver. The fish are digging holes and bury them- 
selves in sand, tail downwards. Only their heads 
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are sticking out. In these holes they deposit 
their roe (which the males that are crawling about 
fecundate immediately) and, after filling up the 
holes with sand by aid of their tails, crawl 
back into the ocean. 

This is a truly unusual phenomenon: fish spa- 
wning on the seashore! 

Indeed, isn’t there enough space in the sea? 

Evidently, on a deserted beach’ the roe-corns 
are better protected against predatory fish and 
more difficult to find that on the sea bottom. 

For fourteen days they develop in .the warm 
sand. Exactly after a fortnight they will be was- 
hed by waves into the sea. 

But why in a fortnight and not earlier? one 
may wonder. 

Because it is only twice a month, soon after a 
new moon or a full moon (usually on the third 
day) that the tide is at its high mark. Indeed, 
the tide is due not only to the pull of the Moon 
but of the Sun as well. 

True, the pull of the Moon on the Earth’s 
waters is more than half that of the Sun. That is 
why the tide is highest when the Moon and the 
Sun are working together, pulling the ocean in 
the same direction; when, as astronomers say, 
they are in the syzygy, i.e. in one line on one or 
both sides of the Earth. Then their pulling for- 
ces are summed up. Therefore, during a syzygial 
tide, the length of incursions of sea waves on 
land is particularly great. The spawning fish leap 
onto the shore on their crests. 

In the subsequent days, the tide is at an ebb, 
because the Sun and the Moon are on mutually 
perpendicular axes with regard to the Earth 
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Sea lions. Snarling giant bears beside their timid 
“wives”. Photo by S. Marakov 


Grunion, a strange fish spawning on land. Females have 
buried themselves in sand, only their heads sticking up. 
Males are wriggling around them 


A lemming 


Salmon negotiate waterfalls by magnificent leaps 


and their pulling forces begin to act at right 
angles to one another. This is the time of the low 
tide, which usually occurs in the first and last 
quarters of the Moon. Then the sea does not 
flood the roe-corns hidden in the sand. It is only 
in a fortnight that tthe great heavenly bodies 
will again be in the syzygy, and another hide 
tide will wash the fertile roe-corns into the sea. 
There the latter develop into fry. 

Californians wait impatiently for the spawn- 
ing of grunions which they call “a raid”. In 
March all fishing is prohibited here in view of 
the beginning of the spawning season. Grunions, 
however, are caught not for sale, but rather for 
fun. Therefore, the local authorities permit to 
catch them, though on one strict condition: with 
bare hands. 

No nets or baskets, no pails or landing-nets 
are allowed. He who has the most dexterous 
hands and the fastest feet will have the largest 
catch. 

However, if the number of people gathering 
for grunion “raids” is really as large as it is 
reported in the press the chances for fish to es- 
cape are very slim, indeed. 


IN SEARCH OF A DRIER PLACE 


There was atime when “bear wanderers” lived 
in the forest wilderness in the valley of the Pripyat 
River on the westernmost border of Russia. 

“Bear wanderers” is the name by which beasts 
which, rather than sleep in their lairs in winter, 
roam the forest, hungry and grim, are popularly 
called in Russia. 
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But the bears that used to live on the Pripyat 
River were of a different sort. 

In winter they would be fast asleep in their 
lairs. But once they had awakened in spring and 
climbed out of their shelters they were literally 
obsessed by a passion for travel. The bears would 
not stay where they had wintered but made 
their way through forests and swamps. They 
headed steadily for the south, never straying off 
their course. They would go on like this for days 
on end and finally got far away, some two hun- 
dred kilometres from their lairs. 

In autumn, in the early days of November at 
the latest, the bears gathered into small groups, 
as though fearing to be alone, and set out on 
their way back to the north. They were treading 
the same paths and so strictly on time that lo- 
cal hunters always knew where and when to 
expect the homeward bound vagrants. 

Next spring the bears would repeat this all 
over again. Of course, they could have stayed 
in theic habitats for summer as well, but they 
liked the southern woodlands better, since there 
were fewer people and more berries there. 

But wby on earth did they get away from tho- 
se food-laden woods? 

Because it was too damp there, with swamps 
and quagmires and nothing but moss to rest 
upon. No place to lie down without risking to 
get soaked and chilled to the bones. It was sim- 
ply absurd to winter in a wet place like this. 
That is why the bears always returned to the 
north where it was dry. 

In spring many beasts suffer a lot from flood 
waters. The plight of those living on land, such 
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as mice, fieldvoles, lemmings, shrews, weasels, 
stoats and hares, is particularly great. 

Water drives them out of their burrows and 
floods everything around. Seeking rescue from 
the deluge they climh hillocks, wattle-fences and 
trees. Swimming or riding on logs and snags, 
they try to reach safety on islands. Still many 
of them have bad luck and get drowned. 

Only the hamster defies the perils of the flood. 
It can be seen running at the edge of the water, as 
though looking for something, evidently wan- 
ting to cross the flooded ravine to the other, 
drier bank. Cautiously it puts its front paws into 
the water, then moves deeper, puffs its cheeks 
and starts swimming. 

Its funny muzzle with inflated cheeks is whir- 
ling in the muddy streams. Like a float it is 
gliding easily over the waves. It is not to be 
scared either by whirlpools or rapid torrents, 
because its cheek pouches are filled with air that 
keeps its head above water. In autumn, when 
it was busy piling up its stores, it used them to 
carry grain, various tubers, and seed. These po- 
uches are large enough to contain a small po- 
tato. 

During a spring flood, the hamster uses its 
cheek pouches as a life buoy. It fills them with 
air instead of grain,.and it may be said that now 
no sea is deep enough for this shrewd creature. 


IN SEARCH OF FOOD 


TRAVELS OF HERRINGS 


It is common knowledge that the salt in the 
herring is not from the sea. Many, however, 
have no idea of the intricate routes herrings 
follow in their long sea travels. Though these 
fish belong to different species and races, none 
of them ever choose their way at random: every 
race have their own routes, habits, spawning and 
fattening seasons. 

Take the Norwegian herring, for example. Eve- 
ry spring the fish gather in enormous shoals 
near the southern coast of Norway. Here they 
spawn on the sandy bottom a short way from the 
shore. 

The newly-emerged fry swim with a northward 
current along Norway’s coastline. On reaching 
the Lofoten Islands, they direct their course back- 
wards into the open sea. Following a highly mean- 
dering route, now approaching, now moving 
away from the shore, they migrate southwards 
and grow en route. When young herrings are four 
years old, they are impelled by an instinct to 
move to their birthplace off the south-western 
coast of Norway, where they spawn. 
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Having fulfilled their parental duty, they dis- 
perse in every direction. Many shoals are headed 
southwards, to the coasts of Britain and Sweden. 

The Norwegian herring belongs to the so-called 
off-shore race. It spawns near the shore where 
the sea is less salty, and this makes them diffe- 
rent from the open sea races, such as the Scotch 
herring which spawns on the high seas north 
of Scotland. Once the fish have emerged, their 
fry immediately swim to the coast. Swarming 
in shallows in schools of thousands of millions 
they often enter river estuaries. 

At times they are so numerous as to acquire 
commercial value. In Britain they are sold un- 
der the name of whitebait, which is a popular 
local delicacy. 

As they grow older, the herrings are increasing- 
ly attracted by the deeper parts of the sea. Every 
summer, however, they move, as before, along 
with thousands of other fish, to coastal waters 
where food is plentiful. It is warm and light here, 
while currents raise from the sea bed many inor- 
ganic substances, such as nitrogen, phosphorus 
and silicon compounds, which are indispensable 
for vegetable life. Microscopio weeds veritably 
thrive on these “fertilizers”. The water is so 
thick with them that it changes in colour. Crus- 
taceans gather here in countless numbers for a 
gorgeous feast and draw numerous fish in their 
wake. 

The Murmansk herrings also belong to the open 
sea race and spawn far away from the coast. All 
herrings caught off the Murman coast are very 
young, usually five to six years old. Older spe- 
cimens are not encountered there. 
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Five and six-year-old herrings migrate west- 
wards from the Soviet northern coast along the 
northern coast of Norway, somewhere to the Lo- 
foten Istands, where their last traces are lost. 

Where do they migrate? Where do they spend 
their adult years? Where do they find refuge in 
their old age? Indeed, these fish, if they have 
luckily survived all hardships, can live as long 
as twenty years, as has been proved by a study 
of annual rings on the scales of the oldest speci- 
mens. 

Soviet scientists have decided to give an ans- 
wer to these questions. 

In 1946, a survey ship of one of the Soviet ma- 
rine research institutes weighed anchor at Mur- 
mansk and set course for the north. A team of 
ichthyologists on board repeatedly but vainly 
threw their fishing nets into the sea. It was not 
hefore the expedition had crossed the seventy- 
six parallel that twenty large herrings were lan- 
ded on the deck. 

Still there remained some reasons for doubt: 
perhaps the fish had lost their way and got as- 
tray. But when the ship had entered the Green- 
land Sea, all doubts were dispelled: an enormous 
shoal of herrings was discovered there. All fish 
caught were fifteen years old. 

The migratory routes of herrings in the polar 
seas may lie close to the surface or deep under 
water, in which case it is very difficult to trace 
their direction. Sometimes, herrings swim in deep 
waters for hundreds of miles, then suddenly emer- 
ge at the surface in such thick schools that they 
seem to he jammed as tight as in barrels with 
brine. Here and there occasional herrings leap 
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out of the water under pressure from their fellow 
travellers beneath. It is said that a boat running 
into a shoal like this may capsize, while an oar 
wedged into its midst will stand firmly upright. 
Moreover, the swarming fish can be scooped into 
a boat with a spade. 

Many sea animals undertake distant travels 
like herrings in search of food. Have you any idea 
of what inhabitants of the Earth’s “ground flo- 
or”—all these large-toothed fishes, black oc- 
topuses, giant spider crabs, sea lilies, holothu- 
rians and other strange creatures living in the 
murky abyss of the sea—have to eat to support 
their existence? Indeed, it is too dark on the ocean 
bed for any plants to be able to live there. But 
the latter provide all local food reserves. In spi- 
te of their absence, however, life in the deep sea 
has never been at a standstill. What then are 
the means of subsistence? 

Many starfish, holothurians, worms and cray- 
fish are known to feed on silt. The latter, falling 
on the sea bottom from above, contains much 
organic matter, which is a welcome food for a 
hungry creature. 

Other inhabitants of this realm of eternal dark- 
ness are scavengers feeding on dead animals fall- 
ing on the sea bed. The cepola fish, for example, 
may sit still for hours on the crooked end of its 
tail, with its wide-open jaws turned upwards 
expectantly, waiting patiently for heavenly man- 
na to fall into its mouth. Sea lilies also hopeful- 
ly throw their frail tentacles upwards, asking 
for a sop from above. 

It is unlikely, however, that many creatures 
may subsist on these meager alms. It is beyond 
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doubt that the fauna of the abyss would have 
been starved to death and become extinct, had 
it not been for the plundering raids made by 
its fierce inhabitants to the sea surface. 

They launch their attacks under the veil of 
night and do not always ascend right to the sur- 
face. There is no need for that. The reason is as 
follows: all carnivores of the sea, both large and 
small, in all depths of the sea rather than only 
in the abyssal zone*, become restless at night- 
fall. They swim upwards and return home be- 
fore dawn. Those living closer to the sea surface 
make higher inroads, while inhabitants of the 
lower depths invade their habitats. In this way, 
these voracious plunderers travelling from one 
sea layer to another carry away in their capaci- 
ous bowels more than a million tons of food 
from the ocean surface to its bed every night. 

What is the number of these deep-water pira- 
tes which make their living by aggressive attacks 
on their neighbours at night? one may wonder. 
According to rough estimates, the total weight 
of this horde of predatory fish is at least two 
hundred million tons. 

This means that every night invading armies, 
immensely larger than any of those known in 
human history, emerge from the abyss and rava- 
ge the sea. Indeed, even today the total weight 
of the Earth’s population is far short of two 
hundred million tons. 


* An oceanologic term for the lowest depths of the 
Ocean. 
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SQUIRRELS BESIEGING TOWNS 


Once a large train of sledges was on its way 
from Irkutsk on the Angara River in Siberia. 
It was already spring, but the great river was 
still clad in ice. Tall snow-drifts piled up on 
both sides of the track. 

When the train had passed one of the river 
bends, the horses in the vanguard ran face to 
face into another caravan: a large herd of long- 
eared beasts were standing in their way. 

These were hares, very many hares, at least 
five or six hundred. When they had caught sight 
of the people, they dashed away in panic and 
stuck in the snow-drifts, while those in the rear 
began to press upon them—a varitable traffic 
jam! The sledge-drivers hastened to the site of 
the scramble with whips in their hands, but the 
beasts had already managed to escape from the 
narrow tunnel between the snow-drifts along the 
meandering sledge track and scattered in all 
directions. 

After the sledge train had started to move, 
the hares returned to the track and continued 
their journey. 

Squirrels also sometimes gather in herds which 
may be so large as to amaze even old-timers. 
Neither rivers nor towns can check their on- 
slaught. “No spectacle is more striking”, writes 
Middenford, a well-known explorer of Siberia, 
“than a flotilla of squirrels swimming across a 
wide river. Their fluffy tails kept firmly upright 
look like a ship’s sails”. 

Late in the past century, the town of Nizhni 
Taghil in the Urals witnessed an unprecedented 
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invasion by squirrels. Their innumerable herds 
left the nearby forests and headed straight for 
the town. “Squirrels were moving over a direct 
course, now alone, now in groups, running 
through streets, jumping over fences and hedges, 
climbing into houses, thronging courtyards and 
leaping on rooftops”. 

They had lost all fear of people and dogs and 
were slaughtered en masse. Hundreds of them 
were torn to pieces by dogs. People also killed them 
in large numbers with poles, stones, whips, ever- 
ything that was at hand. “Squirrels’ blood flo- 
wed in rivers”, an eyewitness said. But new 
crowds of squirrels kept arriving from the forest 
until nightfall. The little beasts hid themselves 
for the night and at dawn again set out on their 
way. For three days on end they besieged the 
dumbfounded town. 

When they were far out of town their way 
was barred by the rapid and wide Chusovaya 
River. But the squirrels would not be taken 
aback. Desperately they plunged into the cold wa- 
ves and swam to the other bank, lifting up their 
tails. They were carried away by the current, 
spinned in the whirlpools, yet other beasts cra- 
zily leaped one after another from the steep 
bank into the river. 

A witness who happened to be boating on the 
river at that time tells this story: “Some squirrels 
were completely exhausted. Now and then a be- 
ast would raise its head above water once or 
twice, dive and come to the surface again, only 
to be engulfed by the current the next moment. 
I offered an oar to some dead-tired beasts, and 
they immediately climbed over it into my boat. 
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The little creatures, soaked to the bones, were 
hugging to the boat floor and shivering from 
cold. When the boat had been brought alongside 
a large ship, the poor beasts climbed onto her 
and trustfully sat there in a quiet crowd, taking 
a rest. But as soon as the ship had neared the 
bank, the squirrels quickly jumped onto the sand 
and ran away. Many of them had perished in the 
river, but many others survived and again got 
under way”. 

It was found out later that Nizhny Tagil had 
been invaded only by a flank party rather than 
the main army of squirrels. Their main force had 
passed eight kilometres away from the town. 
It was supposed to consist of several million 
animals, by rough estimates. 

Several years later, squirrels invaded some 
Baltic towns. They besieged parks, cemeteries, 
climbed fences and roofs. 

Even in Western Europe, where nothing com- 
parable to Russian forests can be found, squir- 
rels sometimes appear in mammoth herds run- 
ning through villages and towns and leaving 
their inhabitants dumb with amazement. In 1904, 
veritable legions of squirrels invaded certain 
provinces of Wurtemberg, and three years later 
their numberless hordes appeared in the Harz 
Mountains. 

It is believed that squirrels are forced to mi- 
grate by a shortage of food—a poor harvest of 
pine and fir cones—in their native forests. They 
travel in search of new forests with greater food 
reserves. If they have become too numerous, the- 
ir plight is indescribably terrible in a summer 
of dearth. Sometimes, forest fires which lay 
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waste vast tracts of the taiga also drive animals 
from their native places. 

There is also another hypothesis, however: 
nomadic squirrels behave as if they are mad, as 
is noted by all witnesses, and often seem to seek 
death rather than rescue, perishing in towns and 
in rivers. Squirrels are obsessed by insanity, as 
it is asserted by advocates of the theory of “fatal 
migrations”, who usually confirm their argu- 
ments by such examples as the tragic death of 
a huge herd of squirrels in the Yenisei River. 
This happened long ago. 

In the autumn of 1847, a short way from 
Krasnoyarsk, a countless herd of squirrels came 
to the bank of the Yenisei River from the east. 
One after another they plunged into the violent 
stream and nearly all were drowned. 

Similar fits of insanity have sometimes occur- 
red in other animals. Once, a two-thousand- 
strong herd of half-wild oxen which had been 
grazing in the prairies of the Argentine suddenly 
plunged into the Parana River without any ob- 
vious cause and were drowned. Another similar 
occurrence was reported also from South America, 
where eight hundred crocodiles simultaneously 
left the hospitable estuary of the Amazon 
River and swam into the open sea to sure 
death. 

Since no one has yet uncovered the causes of 
this insanity, when and why it is due to occur, 
serious scientists are inclined to believe that the 
above cases of suicide are nothing but accidents. 
The principal motive for many animals to leave 
for alien places is food shortage in their native 
habitats. 
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This view has been confirmed by zoologists 
after a thorough study of lemmings whose mad 
travels nearly always end tragically for these 
little wanderers. 


TRAVELLERS DOOMED TO DEATH 


Autumn has only recently come to the tundra, 
but the valleys and tussocks and the grey bristle 
of sedge are already powdered with snow. 

Endless strings of tiny footprints stretch over 
the snow and tussocks, through the maze of 
creeping birchtrees, across the white blankets 
of ice-bound lakes, from hill to hill, from one 
swamp to another. We shall later follow these 
tracks and try to guess who has left them. And 
now, let us go back in thought several months 
earlier, to the beginning of the year. 

The tundra in its summer garb spreads far and 
wide before our eyes. If you take a closer look, 
you will see intricate paths beaten on the ground 
by some little feet amidst green grasses and 
shrubbery. 

Long but shallow burrows lie under the tus- 
socks overgrown with moss and in the tangle of 
the roots of dwarf birchtrees. Perhaps we would 
not have noticed their angry inhabitant if it 
were not for his sudden appearance from under- 
ground as soon as we had approached his home. 
Look! He is trying to scare us. With his hair 
ruffled on his back, he is jumping over tussocks, 
squeaking, yelping, standing on his hind legs 
and tilting his back backwardsin a funny postu- 
re, yet looking so fierce that one would not dare 
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take the little beast into one’s hands to take a 
closer look at it. If you hand him a stick he will 
bite it so tightly that he would not let it go even 
if he were raised from the ground on it. 

This beast, however, is very small, not larger 
than a water-rat, and looks like a hamster. It 
has a thick, yellowish-brown fur with large dark 
spots on the back. Its name is lemming. Various 
species of lemmings live in the northern coun- 
tries of Europe, Asia and America. 

They become just as irritable when other lem- 
mings approach their abode. Lemmings are ex- 
tremely bad-tempered, often ‘fight one another, 
and weaker beasts lose their lives in these fights. 

Quite a few lemmings perish during spring 
floods. 

But to make up for it, in spring, when the tide 
is low, they multiply prodigiously. If low tides 
occur for several years on end, the tundra lite- 
rally swarms with lemmings. They are met 
with at every step. They have already eaten all 
grass, even deer moss, and soon famine, the eter- 
nal bogey of the sombre spaces of the mosquito 
land of Iotunheim*, threatens their lives and 
the lives of Northern deer. 

Another disaster is the speed with which lem- 
mings propagate in favourable years. Instead 
of bearing offspring twice yearly, they bring 
forth their young three and, it is said, even four 
times annually. And instead of five there are 
eight and even ten tiny sucklings in each litter. 


* Totunheim— “a country of horrors of nature and 
evil magic”’—was the name by which the Vikings cal- 
led the tundra. 


94 


This is an example to show that nature is not 
always wise. 

Then young lemmings, which can no longer 
find a place fit for dwelling nor food enough to 
support their lives in their homeland, start their 
famous migrations*.° They move farther and 
farther from their former habitats. Each beast 
travels alone along its own trail. Little by litt- 
le, their paths converge like streams merging into 
torrents in lowlands. And now thousands of 
beasts, unfriendly but alas, united by their com- 
mon misfortune, are following the same road 
(although keeping Several metres away from each 
other, and whistling to warn off their neighbours). 

What is their destination? Whether they are 
led by an instinct to a definite goal or they are 
simply following their nose is a riddle to every- 
one (some explorers assert, however, that they are 
searching for Atlantis, a mythical land which 
has sunk into the sea). 

Many roads of lemmings lead nowhere. Almost 
all of their flocks perish en route. They are des- 
troyed by dogs, foxes, polar foxes, wolves, bears, 
lynxes, martens, ermines, gluttons, owls, crows, 
buzzards, and seagulls. 

They also fall victims to their own reckless- 
ness. Quite frequently, one could see a herd of 
lemmings approach a fiord and, instead of stop- 
ping and turning back, jump right into the sea 
from the steep coastal cliffs. The sea waves were 


* Migrating flocks of lemmings consist mainly of 
young beasts. Norvegian zoologists have estimated that 
only one of every twenty of them is an adult, sexually 
mature animal. 
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literally teeming with them. They were getting 
drowned, squeaking, swimming hopelessly about 
the steep rocks on the other side of the fiord. 
But they had not a chance to climb out. Nevert- 
heless, more and more animals committed sui- 
cide, leaping from the steep rocks into the sea. 
Millions of them became a prey to predatory 
fish and octopuses. 

But it may also happen that lemmings which 
have come to the sea suddenly turn and move 
along the shore. If they come upon a place where: 
food may be found, part of them remain there, 
while others continue their trek. 

Since about 1909, hordes of migrating lem- 
mings have regularly invaded the northern re- 
gions of Norway once in every eight to ten years. 
Then they retreated and were nowhere to be 
seen until they again emerged in countless hord- 
es covering hills and valleys, as though falling 
from the skies, as it was, indeed, believed by the 
peasants*. The last invasion by lemmings was 
seen in Scandinavia in 1953. At that time, even 
crows became such fastidious gourmands that 
they ate only the liver, heart and lungs of lem- 
mings. Dogs and cats were having a real feast. 
Even northern deer were reported to eat lem- 
mings. 

It is told that some female lemmings bring 
forth their young en route. They do not abandon 
their cubs but carry them in their mouths and 


* One of the first Scandinavian naturalists, Olaus 
Magnus, expressing the belief current in his time, writes 
that lemmings really fell from the skies where they 
had been brought by winds from far-away islands. They 
were said to emerge even from moisture in the clouds. 
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Above: three leptocephaluses at different developmental 
stages 
Below: a glassy ecl having completed its transformation 


Gathering in flocks Monarchs spend the winter in slum- 
ber on moss-covered branches of a California pine. In 
spring they will fly northward together with birds 


This migrating flock of large white butterflies was over- 
taken by a storm en route. The exhausted insects fell 
on the ground 


on their backs (like it is depicted in some old 
drawings). 

These invented or true scenes of maternal he- 
roism resemble the habits of other nomads wan- 
dering through tropical forests in another part 
of the world. * 


NOMADS BY NATURE 


MIGRATING VEGETARIANS 


In Nepal, on the southern slopes of the Hima- 
layas, maize is growing on fields cleared amidst 
forest wilderness. A dead monkey is nailed to a 
post at the edge of one of such fields. Its face, 
wrinkled by torture, with an expression of sup- 
plication and warning, is turned to the grim 
forest approaching the field. This is ‘a scarecrow: 
the monkeys watching it from the jungle should 
think hard before they dare make a raid on the 
field. If, however, their greed incites them to 
plunder, let them know what awaits them there. 

But the monkeys soon abandon their fears and 
again stealthily come out from under the shady 
trees to nibble at the corn-cobs in a sun-lit 
place. 

All monkeys on the Earth—macacas, marmo- 
sets, baboons, and gorillas—are very restless 
neighbours. They wouldn't sit still even for a 
day. All the time they are engaged in raids, 
always in a hurry. They do not linger in one lo- 
cality but wander the forests in search of their 
favourite fruits, sweet bamboo stalks, bananas 
and maize as if the latter, which people cultiv- 
ate with such difficulty, is specially intended 
for them. 
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They even bring forth their young en route, 
and carrying them in their arms or on their 
back, hasten to overtake their herd. 

We do not know whether monkeys wander 
through all forests and lands inhabited by memb- 
ers of their own race’ or every herd has its own 
route confined to small hunting grounds, while 
its entry into the territory of another herd is 
forbidden. 

Do they really wander without a definite aim 
or follow different routes at different times? 

True, macaca rhesus monkeys living in the 
Himalayan forests come high up into the mo- 
untains each spring, and descend to the valleys 
in autumn. 

Gorillas, however, travel aimlessly all the year 
round, in all sorts of weather. Where they are 
overtaken by night they scoop up dry leaves 
into a heap and fall asleep. In the morning, 
they resume their endless journey. 

Ostriches also roam the savannahs without any 
definite aim or route. The nandus of South Ame- 
rica meet the dawn of every new day in a new 
place. Only when they have to pay tribute to 
Hymen do they make a short stop-over. The 
females lay their eggs, often into one nest shared 
by several hens, and a cock plays the role of a 
brood-hen. Then he takes care of the poults, 
teaches them to catch insects, guards them, 
while the hens are at leisure nearby. When the 
poults have grown up, the nandus again wander 
the pampas in small flocks, trying not to catch 
the eye of jaguards and people. 

In tropical forests where the food reserves stor- 
ed by nature are not exhausted by autumn, mi- 
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grations of animals are not as extensive as in 
countries with a temperate climate. They usu- 
ally have no strict schedule either. True, cer- 
tain animals manage to lead a nomadic life 
based on a definite routine varying with seasons 
of the year even where summer is eternal and 
food is in plenty. 

The wild boars of Sumatra, for example, leave 
the swampy forests on the seashore where they 
live in the dry season and migrate to the hinter- 
land in December and January when the rain 
season comes. It seems that no reasons exist 
for such tiresome treks. The fruit of sago palms, 
which are their usual food, are plentiful on the 
sea coast in winter as well. There is nothing 
to trouble them in this period. Nevertheless, 
they go away. 

They travel in large herds of several thousand 
head in each. The leader, usually an old hog, 
maintains law and order in the herd. If a wide 
river bars their way, the hog at first swims 
across it alone. He carefully examines the other 
bank and smells the air to find out if any ene- 
mies are present. If everything is all right, the 
entire herd plunge into the water. 

When they are deep in the jungle, the nangvi, 
as these boars are called in the vernacular, 
begin to devour the fruit of a certain local plant, 
for which, in fact, they have made their difficult 
trek through forests and plains. It is not before 
they have eaten all these fruit that they start 
their homeward journey. In May they are al- 
ready back on the coast. 


A HUNDRED YEARS ON FOOT 


“I have seen them roaming alone and in herds 
in valleys and forests, in bamboo groves and on 
mountain plateaus. I used to steel after them 
along their tracks, and now I think that the 
Atrican elephant is the most interesting among 
wild animals”. 

This was the conclusion of Carl Akeley, a fa- 
mous maker of stufled animals, sculptor, writer 
and hunter*. 

He told also that once he had to spend a whole 
day and a whole night amidst a herd of seven 
hundred elephants in the forests of Boudongo. 
He wrote a remarkable description on this oc- 
casion. The sun rose above the hills, and the 
forest sparkled with colours. Monkeys were greet- 
ing each other with barking and shouts. Life was 
awakening everywhere. There was not the slight- 
est wind, the air was still. It seemed that the 
forest was what it had been millions of years 
ago. The birds were singing, and monkeys were 
romping. A gigantic herd of elephants, now 
alone, now in groups, were slowly moving thro- 
ugh the virgin forest, trampling down everyth- 
ing in their way. There was a continuous rum- 
ble in the forest. Trees uprooted by the eleph- 
ants were falling with crackle, and sharp sounds 
were heard amidst the elephant hubbub. The 


* Carl Akeley (1866-1926), an American explorer of 
Central Africa, is considered to be the originator of 
the present-day interior designs of natural history mu- 
seums. He made stuffed animals and arranged them into 
picturesque “panoramic groups” perfectly reproducing 
the natural situation and poses of wild animals. 
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elephants were moving in a mass stretching over 
a mile. Suddenly, an old elephant cow smelt 
him. She blared loudly. Instantly, the forest 
became still. The elephants were motionless. They 
were listening, and waiting for something. All 
of a sudden, the trees crackled again, as though 
torn by a hurricane. The herd started running 
in a disorderly mass, raising dry leaves with 
their heavy legs and breaking trees on their 
way. Never again, the witness said, did he hap- 
pen to hear such a deafening noise produced 
by a herd of elephants. 

Moreover, no one else will ever hear and see 
such a thing: elephants no longer wander in 
Africa in herds of seven hundred head. Now 
a herd consists of twelve to twenty elephants 
at best, but their routes, beaten in granite rocks, 
through forest: thickets and valleys, overgrown 
with bamboos, are patent evidence that for many 
thousand years these huge animals met with no 
noteworthy obstacles in their paths. 

Until now, hunters and scientific expeditions 
travel along the caravan routes of elephants, 
although the latter no longer use many of them. 
Geodesists consider it impossible to make better 
pedestrian roads across a rugged terrain than 
those made by elephants. And road engineers 
have confirmed this view in practice by building 
roads along age-old elephant tracks. 

Akeley writes that in places where the char- 
acter of terrain or soil enabled elephants to pass 
over a certain terrace or gorge, one can find 
clear evidence that this path was used by them 
for many years. The bark of the trees and sto- 
nes beside the track were rubbed with their 
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coarse skin. The rocks from which water is drip- 
ping are polished to lustre: every passing eleph- 
ant used to drink here, collecting moisture from 
the: granite wall with its trunk. In this way, 
year after year, century after century, these 
light touches polished this rock. 

There are also other tracks in Africa—regular 
depressions beaten in rock, each a little wider 
than an elephant foot and fifteen centimetres 
deep. For thousands of years, elephants walked 
along these routes, and their foot-prints were 
impressed on stone forever. Incidentally, eleph- 
ants are excellent walkers. They spend most 
of their life on foot and are nearly always on 
the way. They move at a leisurely gait and 
nibble at the tree crowns. It is not before noon 
that they stop off for a brief rest somewhere 
in the shade of baobabs or acacias. The males 
are standing, resting their heavy tusks on the 
crowns of small trees or against a tree branch. 
They almost always sleep on foot. 

The mountains of Kenya, Akeley writes, are 
roamed by elephants that have possibly never 
lied on the ground. Elephants living in the 
plains, he says, sometimes lie down for rest, but 
no one has ever seen a lying mountain elephant. 

Hunters pursuing elephants should always be 
ready to spend the night perhaps a hundred 
miles from where they had started in the morn- 
ing. It is said that on flat terrain the horse runs 
faster than the elephant. But on a rugged ter- 
rain no steed can overtake the latter. Akeley 
writes that there is no animal capable of cover- 
ine a longer distance than the elephant in one 
ay. 
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With amazing ease this clumsy-looking animal 
runs over a plain, climbs mountains, and makes 
its way through a thicket as noiselessly as a 
rabbit. Even on marshland elephants walk perh- 
aps better than any other animals. Their legs 
have an ingenious structure. When an elephant 
is leaning on its foot, the latter swells and 
becomes thicker. When it is pulling its leg out, 
the liberated foot shrinks and easily comes out 
of the quagmire. That is why an elephant may 
sink a metre deep into a swamp and move on- 
wards where other animals would have been 
drowned. 

Needless to say, elephants are very good walk- 
ers. They are elegant, clever and noble animals 
but their fate seems to have been decided. As 
before, thousands of elephants are killed each 
year. The meat is left to the hyenas, the hunters 
taking only the tusks which have become the 
curse of the elephant family. Indeed, isn’t it 
impossible to make billiard-balls of plastic in- 
stead of ivori? 

It is reported that in many parts of Africa 
the jungle become increasingly impassable in 
the rapid progress of civilization. The elephants 
have become less in number, and their old paths, 
by which people mainly travel through the jun- 
gle, are gradually overgrown. 


MY GOD! ANTS! 


“His howl was more terrible than a war-cry. 
Ants! Ants! It meant that people had to stop 
all work immediately, leave their homes, and 
pave their way to retreat by fire, seeking rescue 
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wherever possible. This was an invasion by the 
blood-thirsty “tambocha” ants. They devastate 
vast tracts of land, advancing with a noise like 
that of brushfire. Looking like wasps with their 
red heads and thin bodies, they sow terror by 
their numbers and voracity. The thick, foul wave 
of these ants fills every burrow, crevice and 
tree-hollow, covers leaves, bird-nests and bee- 
hives, and devours pigeons, rats, and repriles, 
putting people and animals to flight... 

“In a few moments the forest is filled with a 
dull noise like the roar of water breaking through 
a dam. 

“My God! Ants! 

“Everyone is possessed by one idea—-to escape. 

“Many preferred leeches to ants and sat neck- 
deep in a small swamp. They saw the first legion 
of ants invading the surrounding area. Like cind- 
ers flying far from a fire, multitudes of cockroa- 
ches and beetles splashed into the swamp, and 
its banks were swarmed by spiders and snakes 
while people were beating water to scare off 
insects and animals. The leafage of trees was 
seething like boiling water. The roar of in- 
vasion was rolling over the ground; the trees 
were covered with a black shrowd, a moving 
sheath which ruthlessly rose higher and higher, 
tearing off leaves, destroying bird-nests and creep- 
ing into tree-hollows.” 

This is how José Rivera described an invasion 
by Eciton ants, called “tambocha” or “tauoka” 
in the vernacular, which wander amidst the 
putrid fumes of the swamps on the great Ama- 
zon River. He had a thorough knowledge of 
these blood-thirsty insects. As a member of the 
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joint commission for adjustment of a border 
dispute between Colombia and Venezuela, José 
Rivera spent much time in the primordial for- 
ests of the Amazon lowlands. 

Like signals of a severe danger the ominous 
shreaks of ant-eater birds sound in the selva, 
warning all living creatures of the approaching 
“black death”. Large and small carnivores, ins- 
ects, wild boars, reptiles and people—all flee 
in panic before the marching legions of Ecitons. 

A man still hears nothing: neither the remote 
rumble nor the rustle of millions of running ant 
legs; nor does he smell the foul odour of their 
tiny bodies, while more sensitive creatures are 
already scattering and flying away in all di- 
rections. 

Ann Putnam, who happened to meet with si- 
milar ants in Africa, writes that at first a dog 
began to howl in a hut, and a monkey became 
restless in its cage. A large scorpion fell from 
the ceiling and ran away. It was followed by a 
centipede. Then a mouse whisked out over the 
doorstep. 

All who could run were trying to escape. Those 
who could not, were doomed to cruel death. Once, 
nomadic ants killed a caged leopard. They also 
devoured a python which was not quick enough 
after a hearty meal. Dogs, which their masters 
forgot to release from a chain, swine, goats and 
hens left in their sheds were gnawed clean to 
the bones. A criminal left in a prison by escap- 
ing warders was not spared either, and was bit- 
ten to death. 

In all such stories, however, the danger to 
people meeting with legions of nomadic ants is 
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often exaggerated. Many species of Ecitons have 
been described, and almost every one of them 
has its own war strategy, as witnessed by 
Henry Bates, one of the pioneers in the study 
of these insects. Some of them march in col- 
umns, others—in files, still others launch an 
attack in “close phalanges” which stream over 
the ground like “torrents of deep-red liquid”. 
Some may be approached within several inches 
without fear. From others it is wiser to keep 
away because “with incredible speed they climb 
up over the legs”, dig their sharp jaws into the 
skin, causing excruciating pain. An ant. can be 
torn off only by tearing it in two: the head with 
the jaws remains wedged in the wound—so tight 
is its grip! Bates says further that for man there 
is nothing to do but to run for his life, and he 
knows these six-legged “bulldogs” well enough 
after living in the Amazon forests for eleven 
years. 

Yet it is not always possible to run away from 
them. Some marching legions of ants stretch over 
hundreds of metres (even for a mile) and adv- 
ance like thousands of rabid wolves running in 
an avalanche. It is not easy to break this encir- 
clement, particularly in a forest thicket where 
one is unable to run fast and does not know where 
to flee to escape the advancing ants. It is clear 
therefore why the desperate shouts “tambochal”, 
“tauoka!” or “ziaful” sow panic among people 
who know full well what is to follow. 

What is the starting point and destination of 
these ants? 

Escherich, the famous entomologist, believed 
that Ecitons leave their hunting grounds after 
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devastating their surroundings. Yet the latest 
observations have shown that this is not true. 
Ants are evidently averse to a sedentary life. 
Whether they have food or not, they go away 
all the same. They are inborn nomads. They 
march in orderly ranks: scouts in the vanguard, 
soldiers of the escort on the flanks, the queen 
overloaded with eggs dragging herself along in 
the rearguard, in the middle of a magnificent 
entourage. The ants also carry larvae, which 
they protect against the sun with their bodies. 
All the way they are licking the larvae. Only 
when there is nothing to lick, when the larvae 
have ceased to discharge from their skin some 
mysterious substances which attract their es- 
corts so much, will the Ecitons lose their pas- 
sion for travel. It means that it is time for the 
larvae to turn into pupae, for which complete 
rest is necessary. The ants find a cosy hide-out 
somewhere under a large stone or in the hollow 
of a tree rotting in moss and swarm like bees 
here. This living ball is their ant-hill, a make- 
shift home. It is porous, pierced with holes all 
over. The holes lead to the centre of the ant-hill 
where the queen is delivered of her burden, lay- 
ing some thirty thousand eggs in several days 
of her rest. 

But not all of the ants swarm to form this 
temporary nest; part of them range about the 
neighbourhood procuring food for the entire col- 
ony (and for the living “bricks” forming the 
nest). Once it was estimated that the “forag- 
ers” of African nomadic ants brought a million 
and a half of various insects into their improvized 
nest within ten days of their stop-over. 
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Meanwhile, the larvae turn into pupae which 
under their cocoon sheaths hatch into young 
ants. After this the srawm falls apart, the ants 
gather into a march formation and resume their 
journey*. And again death follows in their wake: 
all who can run flee before them in panic. 

Neither streams nor rivers can stop these 
little killers. 

When their way is barred by a stream the Kcit- 
ons bravely plunge into water. Clutching at each 
other they build a living pontoon-bridge of their 
bodies. The current drives them away, they are 
drowned by the thousands, but the bridge stands 
firmly, and the legions pressing from behind 
successfully reach safety on the other bank. 

When a river is too wide and rapid, the ants 
negotiate it in a different way: they swarm into 
a living ball, hiding the queen and larvae deep 
in its middle, and roll down right into the river. 
The ball keeps afloat, and is carried by the cur- 
rent. From the underwater part of the ball the 
ants continuously climb upwards into the air, 
while those in the part above water climb down 
to take their places. Later they also climb up- 
wards to take a breath of fresh air. A living 
flow is streaming in the entrails of the ball all 
the time from below upwards and from above 
downwards, but the ball remains intact. 

When the current has brought it to the other 
bank, it crumbles down, and the ants travel 
further in their usual marching order. 


* Some species of American Ecitons wander for eigh- 
teen to nineteen days on end and then stay in camp 
for another nineteen to twenty days. Later they again 
travel for eighteen to nineteen days, and so on. 
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It is told that African legionary ants, clutch- 
ing at one another, fling “rope ladders” over 
tree branches. At first, they climb the trunk 
in small groups. Then strings of ants attached 
to each by their legs and jaws descend from the 
tree branches to the ground. The legions wait- 
ing below begin to storm the tree crowns, climb- 
ing over the ladders. The wind throws these liv- 
ing ladders from bough to bough, from one tree 
to another, and the ants climb them as though 
over a suspended bridge, streaming over the 
forest leafage in a black flow of death. 

There are blind Ecitons, too. And quite a few, 
for that matter. Some of them have underdevel- 
oped eyes on the sides of their heads, with which 
they can only discern light from darkness. In 
others nothing but eye-sockets, without the eyes, 
have remained. Still others have not eveneye-sock- 


ets. 

All blind Ecitons cannot stand light and trav- 
el under fallen leaves, in the maze of windfallen 
trees and branches. When they need to traverse 
an open space, they build tunnels of lumps of 
earth. They are efficient workers, and soon the 
roof of this underground passageway quickly ris- 
es above the ground. Ecitons build both opposite 
walls of the concave arcades forming the tunnel 
vaults. It is amazing, Bates writes, that they 
manage to bring them together and put in lock- 
ing stones which prevent this frail structure 
from crumbling down. 

And soon legions of ruthless plunderers are 
moving secretly along this underground gallery. 
When they have come unnoticed by anyone to 
a log rotting in moss or some other promising 
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hunting lodge, they scatter over damp fissures 
and dark corners and tear to pieces beetles, 
spiders, caterpillars, snakes and lizards—all who 
have been taken unawares by this surprise at- 
tack. 

The roofed gallerfes of Ecitons sometimes 
stretch for hundreds of yards. If a breech is 
made in them, the ants immediately hasten to 
repair it. While the workers are mending the 
hole, the big-headed soldiers are creeping for- 
ward in a ferocious posture, their heads raised 
and jaws wide open to show their fierce rage 
and readiness for battle. 

When the gap is closed, the ant legions again 
stream along the underground tunnel, and their 
sappers are hard pressed for time, building earth- 
en vaults over the heads of the impatient horde 
of these blind nomads. 


LONGING FOR FRESH WATER 


RIVERBOUND SEA FISH 


Each time I see red caviar I recall the great 
long-distance journeys that fish carrying it in 
their bellies undertake every year. 

They are Atlantic salmon, or semga (Salmo 
salar), and salmon trout (Salmon trutta) as well 
as their blood relatives of the Pacific including 
silver or coho salmon, chum salmon (Oncorhyn- 
chus keta), humpbacked salmon (Oncorhynchus 
gorbuscha), and red salmon (Oncorhynchus nerka), 
chinook salmon (Oncorhynchus tschawytscha). 
Year after year, they leave the sea and ascend 
rivers where they spawn, each species at a partic- 
ular time. 

It is not simple to determine their real birth- 
place. They are certainly born in rivers but spend 
most of their life in the sea. Are they river fish 
migrating to the sea or sea fish reproducing in 
rivers? 

Ichthyologists assert that salmon are river 
fish which began to live in the sea comparatively 
recently, perhaps in the glacial period. Their 
fry still poorly tolerate salt water and other 
unwonted conditions of life in the marine en- 
vironment. That is why salmon return to rivers 
for the purpose of spawning, because their “kids” 
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feel better in fresh water and have fewer enemies 
there. When fry have grown big enough they 
swim to the sea, where food is more plentiful. 

For hungry salmon no distance is too long. 
They boldly swim into the open sea and oceans. 
One salmon, which Had been marked in Scot- 
land, crossed the Northern Sea in four days. 
On the fifth day, it was again caught in a fishing- 
net, this time five hundred and fifty kilometres 
away from where it had been released. 

At their wedding time, a powerful instinct 
drives all fish to river mouths where they arrive 
strictly on time. For some time, salmon swim 
to and fro at the edge of fresh water, which 
flows in muddy streams from the continent. 
“They are either getting used to fresh water or 
taking a rest before a tiresome journey”, the 
German biologist Herold Alschner conjectures. 

Then all at once they rush upstream in such 
great multitudes that the river becomes literally 
packed with them. The water is teeming with 
fish. Many fins and backs are sticking out of 
the water since other salmon are pressing on 
their upper neighbours from beneath. At places, 
where the river, which is not wide enough, nar- 
rows abruptly, the fish on the sides are even 
pushed out onto the banks by those tightly pack- 
ed in the middle. 

This is how the Soviet explorer I. Pravdin 
describes the: siege of the Bolshaya River in 
Kamchatka by humpbacked salmon swimming 
to their spawning grounds. 

“The weather was sunny and quiet, and sud- 
denly an unusual noise arose from the middle 
of the river and carried to its banks. A crowd 
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of camping anglers rushed to the riverside, and 
watched with admiration a huge shoal of hum- 
pbacked salmon passing upstream amidst a loud 
din, a fish leaping out here and there. It looked 
as though another river bad broken loose into 
the Bolshaya. The line of clamouring fish stretch- 
ed for over a mile, so that it may be safely said 
that there were millions of them there. 

When humpbacked salmon are moving up- 
stream it is a grand time for foxes, bears, crows, 
lynxes and other beasts and birds, which fall 
upon their prey, obsessed by nostalgia, and catch 
it, each in its own way. People miss no chance 
either, and catch these fine fish with every tackle 
at hand. 

Meanwhile the salmon are moving further and 
further upstream. Some parties abandon the 
main force and enter side creeks, rills flowing 
into the river, and ascend as far as the river 
head. They negotiate waterfalls and rapids, now 
barring their way at every step, performing 
truly acrobatic stunts, often leaping three metres 
upwards and five metres along. Some of them 
have bad luck, falling after their desperate leaps 
on dry rocks and stones rather than into water 
beyond a waterfall. Many perish right away but 
others have a safe landing and move onwards. 

In certain rivers of Alaska, for example, the 
Yukon, chinook salmon move upstream three 
thousand and five hundred kilometres from the 
river mouth. Salmon cover a distance of twelve 
kilometres a day on the average. But if the 
river is very long they have to pick up speed 
to reach its upper reaches in time, and make 
fifty kilometres per day. 
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LIFE IN RIVERS 


Pacific salmon enter continental streams in 
summer, each species at a particular time. The 
first to besiege the rivers early in May are chinook 
salmon, the most delicious of them. The Americ- 
ans call it king salmon and the Japanese, “ma- 
sunosuke”— “prince of salmon”. 

They are followed by red salmon, sima, hump- 
backed salmon, chum salmon, and as late as 
August, by silver salmon. Once they have reach- 
ed their spawning grounds, they begin to deposit 
roe. 

But the Atlantic salmon, or semga*, as dist- 
inct from its Pacific relatives, spawns in autumn 
and winter rather than summer, and not immediat- 
ely after gaining access to fresh water. 

“In general”, writes Academician L. Berg, 
a well-known expert in ichthyology, “the biol- 
ogy of salmon is unusually intricate: in each 
particular river they lead a specific way of life”. 
Semga, he says, just as wheat, has two biologic 
forms: spring and winter ones. And the similar- 
ity is not only in the terms. To be able to grow 
winter crops should lie under snow through wint- 
er. Only after their cells have been exposed to 
cold and undergone some mysterious changes 
will they form ears next summer. Spring crops, 
however, germinate in the same summer when 
they had been sown. 


* There is also Kamchatka semga (Salmo penshinen- 
sis), which belongs to another species although to the 
same genus as the Atlantic salmon. This fish has been 
little studied so far. 
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The same thing happens to salmon: winter 
semga should winter under ice in a cold river 
to have its hard and soft roe mature. The spring 
race, however, can do without it. 

Semga enter rivers several times a year. In 
spring, as soon as the river ice has broken up, 
it is time for the passage of large females loaded 
with underdeveloped roe. They had probably 
-wintered in the river mouths since autumn. 

In July the rivers are besieged by “tinda”, 
small salmon, one to two kilograms in weight. 
mostly males. “Tinda” are young fish impatient 
to produce their own offspring. 

“Tinda” have spent only one winter at sea. 
They are hardly one year old, but have already 
returned into rivers to spawn. Other salmon live 
in the sea for a longer time, some two or three 
years, without any matrimonial intentions. 

Finally, from late in August to the time of 
early frosts it is the time of passage of “autumn” 
semga, which are almost exclusively large fema- 
les with immature roe. 

In this way, the semga which leave the sea in 
summer spawn in winter of the same year, 
whereas “autumn” semga are the winter race 
which will spawn only next winter, i.e. a year 
later. 

Throughout the year, winter semga lie dor- 
mant somewhere in a deep pool or underwater 
pit and abstain from food. “They undergo the 
stage of vegetative rest at a low (about zero) 
temperature”, L. Berg presumes... 

As soon as they feel they are in fresh river 
water salmon undergo an amazing metamorphos- 
is: from predatory fish they immediately turn 
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into something like starving yogis. While living 
in a river they eat nothing, but subsist on their 
fat reserves they have built up while in the sea. 
They have no time to eat, and no space in the 
body where to store food: their ovaries and milt 
have grown so large that they bulge their sides 
and compress the intestine. Mereover, in milt- 
ers the jaws become curved like tongs or the 
beak of a crossbill. Such a beak is perhaps very 
good for hulling a fir-cone but quite unfit for 
eating a fish. 

The salmon have also changed in colour from 
a silvery, like it was in the sea, to dark, with 
red spots on the sides in semga. The hump on 
the back grows very large, particularly in milt- 
ers. 

Salmon spawn in rapid streams with clear 
water and a pebbled bottom. In order to reach 
them they often ascend to the very riverheads. 
They would not be embarrassed by the risk of 
running aground and often spawn in such shal- 
low places that they have to lie on the side to 
be completely submerged. 

Every fish heads for the river and often the 
creek where it had been born a few years ago. 
This will be described in greater detail in the 
chapter on navigation. 

The milters jealously guard their mates and 
drive other courtiers away. Fierce fighting be- 
tween male rivals flares up here and there. 

Before shedding their roe, fish clean the bot- 
tom from debris: silt and weeds. Lying on the 
side, they beat their tails to throw silt upwards 
and expose the sand. Then the kipper digs a 
fairly large hole in sand, some two to three 
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fish stay-at-home milters emerge from the same 
row as other salmon. 

Lake Ladoga and Lake Onega are inhabited 
by Atlantic salmon (both male and female) which 
do not go into sea either. Large lakes are like 
a sea for them: each year, at a definite time they 
move to spawn into the neighbouring rivers and 
then again descend to the lakes, thereby passing 
in miniature the entire migration cycle charact- 
eristic of their species. 

The salmon trout* living in certain mountain 
rivers also stays there for good. This is the fa- 
mous trout—a special race of salmon trout. 


LIFE IN THE SEA 


The Vyg River falls into the White Sea. Once 
a marked semga was caught in this river. The 
fish had been marked in Norway on June 10, 
1935, and was caught by Soviet fishermen seven 
weeks later. It was a female which had been 
on her way to the spawning grounds on the upper 
reaches of the Vyg River where she had been 
born six years ago. 

Who would have thought that semga may trav- 
el so far into the sea from the mouth of her na- 
tive stream. Indeed, she had covered a distance 
of 2,500 kilometres from the western coast of 
Norway where she had been caught for the first 
time. 


* The salmon trout is closely related to European 
salmon and spawns in the same rivers as the latter. In 
addittion, the red salmon inhabits the Black, Caspian 
and Aral seas. 
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She had done just as many miles on her way 
back but now was in a great hurry, because the 
Norwegians had detained her for marking. The 
fish had been making fifty kilometres per day. 

This was because she was afraid to be late for 
spawning and was urged by a powerful instinct 
to reach her native river as soon as possible. 
On her way there she had come upon quite a few 
streams suitable for spawning, but she was head- 
ing for the one in which at one time she had 
played as a fry. She was swimming over a stra- 
ight course without hesitation or yawing, by a 
familiar route; otherwise, if she had not known 
her way well enough, she would have needed 
more time for her heroic journey. Indeed, fifty 
kilometres per day is not a slow speed for a sal- 
mon (the record is 100 kilometres in 24 hours). 

A similar case was reported from Kamchatka. 
Here a marked chum salmon was found in a 
barrel by workers loading salted fish. It had been 
marked a month before on the Unga Island near 
Alaska and was caught on the other side of the 
ocean in slightly more than four weeks. 

Another chum salmon marked on the Iturup 
Island of the Kuriles was soon caught by fish- 
ermen off the northern coast of the Sea of Ok- 
hotsk. 

A humpbacked salmon with a tag attached 
to it in Korea had swum more than 1,600 kilo- 
metres and was again captured in the Amur 
estuary. 

These facts prove that migrating fish leaving 
rivers travel far into the open sea. 

However, there are evidently sedentary fish 
among them also, for example, Scotch salmon 
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which usually do not swim more than two hun- 
dred kilometres away from the coast. 

Their insatiable appetite drives salmon from 
one sea into another. Pursuing shoals of herring 
they are not averse to hunting other fish they 
meet on their way, if they are able to swallow 
them. In the sea, salmon grow six times faster 
than in a river. 

At the end of the second year of its life in the 
sea, a salmon turns the scales at about five, and 
late in the third year, at more than eight kilo- 
grams. 

Very few salmon remain to fatten for four 
years in the sea. Usually, within less than two 
years they return to the rivers for the first spawn- 
ing, while “tinda”, as we already know, spends 
only half of this time in the sea. Humpbacked 
salmon behave likewise: they are the “tinda” 
among the salmon family. 

A samlet which has been particularly fortuna- 
te in life grows to a very impressive size, meas- 
uring up to one metre and a half in length and 
weighing about fifty kilograms. The speed with 
which it builds up its fat reserves lost in the 
rivers is truly amazing. One salmon marked 
near Ireland weighed nineteen pounds when it 
was released. A month later when it was captur- 
ed again it had already gained fourteen pounds, 
i.e. 5.6 kilograms, in weight after feeding on 
rich marine rations. It nearly doubled its weight. 
Even body-builders would envy it. 


ANADROMES AND CATADROMES 


Anadromes is the name of migratory fish which 
go from the sea into rivers for the purpose of 
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spawning. Certain ichthyologists use this term 
in a broader sense including fishes which, rather 
than leaving the sea migrate to more shallow 
areas for reproduction. In the oceans this is the 
usual direction of spawning migrations. 

In the southern hemisphere there are local 
fresh-water anadromes, not salmon but other 
fishes which live both in the sea and rivers. 
Quite a few anadromes are to be found in many 
of the seas washing the Soviet coasts. 

Lampreys, for example, spawn in rivers. Their 
young live here for four to five years and then 
descend to the sea, after changing their dress 
to a silvery marine attire. The lampreys, like 
salmon, also have their winter and _ spring 
races. 

Sturgeons, belugas, (Huso huso) sevrugas (Aci- 
penser stellatus) and schips (Acipenser nudiven- 
tris) are also anadromes. They multiply in riv- 
ers and live in the sea. True, among the stur- 
geons there are some fishes which never go to 
the sea and spend all their life in rivers, for 
example, sterlet, Amur sturgeon, and kaluga 
(Huso dauricus). 

But the Sakhalin sturgeon (living in the Pac- 
ific), like the Russian sturgeon, regularly visits 
the rivers of North America, Japan and the Sak- 
halin Island. Apparently, it also enters the Amur 
River where local fishermen call it a sterlet 
on account of its small size (genuine sterlet, how- 
ever, does not occur in the Amur River). 

The anadromes, just as many other things in 
the world, have their antipodes called catad- 
romes. The latter, on the contrary, live in rivers 
and go to the sea to spawn. 
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Each spring, as.soon as the weather becomes 
warmer, thousands of millions of Chinese crabs 
start swimming from the Northern Sea into the 
rivers of Germany. The Elba and Weser are 
their favourite rivers. They are very small, the 
size of a small coin, and are very young, almost 
in the larval stage. They have recently emerged 
from the roe which female crabs deposited on 
coastal shallows. In two months’ time the crabs 
go as far as Hamburg and Bremen and remain 
there for winter on the border between fresh 
and sea waters. When spring comes they still 
show no intention to get under way. They grow, 
cast their coats and spend another summer and 
winter in river mouths. 

During this time they grow to some five cen- 
timetres in length. And now, when the third 
spring in their life comes, all at once the crabs 
start moving upstream. 

Don’t you forget that their number is thous- 
ands of millions. They climb dams and sluices, 
jam canals and brooks, creeks and ponds. In 
the year of their largest invasion they besieged 
a dam near Bremen in such fantastic hordes 
that people who had rallied to fight them used 
to catch one hundred thousand crabs there each 
day. Three million crabs were destroyed but 
hundreds of millions forced their way behind 
the dam and continued their triumphant adv- 
ance. 

In the small rivulet Elde four million crabs 
were caught in the same year, and eight million 
in the Havel, a tributary of the Elba. 

The Chinese crabs do not enter mountain riv- 
ers, showing preference for quiet waters. But 
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through the Elba and the Vitava they gain ac- 
cess even to Prague, although in small numbers. 

In fresh water, the crabs feed and mature and 
after reaching adulthood go back to the sea by 
the same routes but in the opposite direction. 
They multiply on shatlows in the sea, but then 
die almost all of them. Only a few crabs ascend 
rivers two, let alone three, times. 


NOSTALGIC EELS 


“BORN OF THE SEA ABYSS” 


“River eels have no sex, no roe and no milt. 
They are born of the sea abyss.” 

This was written by the greatest of scientific 
authorities, whose every word was taken for 
granted without a shadow of doubt, the “father 
of zoology” Aristotle. 

In every fish cut open in a definite season of 
the year, either hard or soft roe may be found. 
But nothing of the kind has ever been found in 
the eel. It never contains roe, whether it is 
spring or summer, autumn or winter. 

The conclusion made by Aristotle, therefore, 
was only natural. We shall see further that the 
first part of his assertion concerning hard and 
soft roe is mistaken. Its second part, however, 
i.e. “They are born of the sea abyss”, may be 
accepted by modern science, though in a paraph- 
rased form: “They are born in the sea abyss”. 

The riddle offered by the river eel to fisher- 
men and naturalists long remained unanswered. 
For several thousand years, people had been 
pondering over it. They thought hard and did 
not stint ink, writing about it. Not always, 
however, does a mystery become clearer in pro- 
portion to the number of pages devoted to it. 

Pliny, another prominent antique zoologist, 
writes that the eel lives for eight years. It sur- 
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vives on land for six days without water. And 
more: this is the only fish on earth which does 
not come to the surface when it is dead. 

The first assertion is true, although some eels 
are known to live a longer life. The second is 
almost true: indeed, in very damp grass or moist 
moss an eel can really survive long without water, 
although no one seems to have counted the days. 
The third assertion may, perhaps, also be ac- 
cepted but with exclusion of the word “only”, 
says Willy Ley, one of those who studied this 
problem. 

Medieval writers reported quite fantastic things 
about eels. The well-known chronicler Albert 
Magnus wrote, for example, that at night river 
eels climb onto dry land and devour peas, lent- 
ils and beans on the fields. 

Then people were also racking their brains 
over the riddle of reproduction of the eels. Sum- 
ming up the views of his contemporaries, Con- 
rad Gesner of Switzerland presumed that there 
were three ways by which the eels might pro- 
create offspring. The first was self-generation from 
river silt and moisture, of which Hesner himself 
was doubtful. The second was as follows: eels 
rub their bellies against the river bottom, and 
San mucus mixing with silt turns into little 
eels, 

It is told by fishermen, Hesner goes on, that 
eels deliver their young in the usual way but 
they give birth to such tiny creatures that nob- 
ody can notice them. 

Some, however, insisted that they had seen 
tiny thread-like worms in the bellies of eels. 
But these were not, of course, young eels but 
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parasitic Nematoda roundworms. Such is the 
opinion of scientists today. 

Some time after Hesner, in 1600, Jean Van 
Helmont, a physician and chemist, even publ- 
ished a recipe for breeding eels. 

“Cut out two small sods”, he recommended in 
good faith, “moist them with water on a May 
day and place them together in the sun, grass 
side to grass side. In a few hours, you will see 
ney little eels which have emerged from the 
sods.” 

More serious scientists did not bother to test 
such prescriptions. Instead they attempted to 
establish the truth by a different means simply 
‘by dissecting eels for a thorough examination 
of their internal organs. If sex organs were to 
be found in them, it would be clear that eels 
reproduee in a natural way 

Finally, in 1777 the Italian Mondini declared 
that he had found what seemed to be an ovary 
in the body of a female river eel. But his con- 
temporaries were sceptical about his discovery. 
His fellow countryman, the famous Spallanzani, 
who had proved by a series of brilliant experim- 
ents that no living creature can be born of dead 
matter, was nevertheless reluctant to believe 
him. 

Spallanzani’s views were held in high esteem 
at that time. That was perhaps the reason why 
another half-a-century had passed before it was 
ultimately established in 1824 by Prof. Ratke 
of Koenigsberg that the eel really has ovaries. 
The milt was found five to ten years later. By 
that time, scientists had already learned from 
fishermen that every autumn adult eels descend 
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rivers by the thousands and disappear in the 
sea. And each spring, myriads of tiny eels not 
larger than the index-finger emerge from the 
sea and ascend rivers. It was clear that they were 
a homebound progeny, of the eels which had gone 
into the ocean depths last autumn. 

This discovery was a surprise even to those 
who knew that certain sea fishes, for instance, 
salmon, go into rivers to spawn. Here every- 
thing was upside down: from the rivers into the 
sea! Such precedents had not been known, there- 
fore, everyone was amazed. 

Not everyone, though: some biologists had sim- 
ply heard nothing as yet about the sea travels 
of eels. In 1862, a book was published in Britain, 
the author of which asserted that eels develop 
from ... beetles. He had allegedly seen with his 
own eyes small black beetles falling into water 
and tiny eels climbing out of them. Two beetles, 
he tells, were lying in a spring, and each bro- 
ught forth two eels. 

The author of this book did not invent this 
story, and he reported what he had really seen. 
But these were not, in fact, eels but parasitic 
hairworms (phylum Nematomorpha), the very hair- 
worms which in former times were believed to 
develop from hairs lost by horses in water (there- 
fore, one bathing a horse was warned not to 
seize it by the tail). Hairworms were univers- 
ally regarded with fear: it was believed that 
they can get under the human skin from where 
it is impossible to expel them. 

These worms, however, are perfectly innocent, 
but only for man. They cause a lot of harm to 
insects and really get into beetles, grasshoppers 
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and crickets. Having settled with comfort under 
the test of a beetle, a hairworm draws all its 
blood. When the exhausted beetle falls into a 
pool, the parasite creeps out of it like a black 
thread. 

It goes without saying that hairworms never 
turn into eels. 

In 1856, a remarkable event occurred in the 
history of zoology. A certain German scientist* 
caught very strange little fish in the sea. They 
looked like lily of the valley leaves cast of glass. 
When the captives were put in an aquarium they 
seemed to dissolve in the water and became inv- 
isible. Only their bead-like black eyes moving 
to and fro could be discovered by a careful obs- 
erver. When one of them was placed on a news- 
paper, letters could be seen through its transluc- 
ent body. 

Dr. Kaup named them leptocephaluses (from 
Greek leptos flat and kephale head. 

Somewhat later, two Italian ichthyologists, 
Grassi and Calandrucio, after reading Kaup’s 
report, decided to examine leptocephaluses more 
carefully. 

But they didn’t get down to business at once. 
Year after year, they were postponing their work. 
It had been found out by that time that these 
fish were not rare at all. Quite a few of them 
were to be found in the Strait of Messina. 

When a sufficient number of leptocephaluses 
had been captured, a new problem cropped up: 


* Dr. Kaup, who described another strange creature— 
Chirotherium, which is discussed in the book “The 
Path of Legends” by Igor Akimushkin, published by 
“Young Guards” Publishers, Moscow, 1961. 
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how to feed them. They were offered various 
food. Each day the captives were brought new 
and new inhabitants of the sea which they seem- 
ed to be able to swallow easily. But they re- 
mained indifferent to them, and nothing whetted 
their appetite. Starving, as they were, the fish 
nevertheless were lively. 

Soon ichthyologists noticed a strange change 
taking place in their captives: they were becom- 
ing shorter. Instead of growing larger, they were 
reducing in size. Evidently, the reason was not 
their abstinence from food but their natural way 
of development. 

The largest leptocephalus measured about seven 
and a half centimetres in length when it was 
caught. After living in an aquarium for some 
time, it grew shorter by one centimetre. It was 
becoming more slender as well. Little by little, 
all leptocephaluses lost their leaf-shaped form 
and turned into ... young eels. 

Thus, this was another metamorphosis of liv- 
ing creatures into eels, but this time it was 
proved by scientific evidence. There was no 
reason to doubt it. Soon other scientists whé had 
observed the life of leptocephaluses in an aqua- 
rium confirmed that Grassi and Calandrucio had 
not been mistaken. 

This meant that leptocephaluses were not a 
new species of fish, as it had been decided by 
Kaup while observing their strange looks, but 
the larvae of river eels. They go into the depths 
of the sea in autumn and deposit their eggs 
there. From these eggs emerge leaf-shaped Jar- 
vae which turn later into young eels, translucent 
like stained glass. 


9° 131 


ICHTHIOLOGIC EPOPEE 


Early in the 20th century the scene of our 
story moved from the Mediterranean to the At- 
lantic Ocean, and a new character appeared on 
the stage—Dr. Johannes Schmidt, a Danish biol- 
ogist. It is to him that science owes the brilliant 
conensloe of the study of the mystery of river 
eels. 

At that time, Schmidt, an expert at the Min- 
istry of Fisheries, was sailing in the small steam- 
er Tor off the coasts of Iceland. Once a lepto- 
cephalus was caught with a plankton net thrown 
from board the ship into the surface water. The 
net had been dragged only over the sea surface. 
And this was what surprised the biologists most 
of all. Indeed, it was believed then that eels 
deposit their eggs on the sea bottom and that 
leptocephaluses emerging from them also live 
there, as it had been evidenced by Grassi and 
Calandrucio. 

The leptocephalus captured by Schmidt was a 
large one, measuring seven and a half centimetres 
in length. Later, a similar specimen was caught 
(also with a plankton net) off the coast of Ire- 
land. It was decided then that only small lar- 
vae of eels live at the bottom. When they grow 
up they ascend to the surface. 

After collecting reports of all known cases of 
capturing leptocephaluses, Schmidt even at- 
tempted to mark supposed spawning grounds 
of river eels on a map. On the latter, these spawn- 
ing grounds stretched in a broad band across 
the Atlantic from Ireland straight southwards 
up to Portugal, with extension into the Bay of 
Biscay and the Mediterranean Sea. 
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But soon he knew that a tiny leptocephalus 
had been caught by scientists of the Norwegian 
research ship Michael Sars far in the west, be- 
yond the line he had drawn on the map. This 
meant that the eels reproduced not at all where 
he had supposed, but very much further, some- 
where near America. This was so far from Europe, 
the native rivers of the eels, that it was hard to 
believe it. 

So Schmidt, who was well aware of the im- 
portance of his conjecture, decided to verify it. 

He designed a special net, which was better 
adapted for catching leptocephaluses and made 
arrangements with captains of Danish fishing 
trawlers. 

Twenty three captains agreed to capture eel 
larvae for him. And although commerce was the 
main target for these men they sacrificed part 
of their business to science. The captains made 
five hundred and fifty halts in the ocean and 
captured leptocephaluses at all stages of their 
fishing cruises from Europe to America and back. 
They captured a total of one hundred and twenty 
larvae, each of which was provided with a label 
indicating the exact co-ordinates of the place 
where it had been caught. 

When Johannes Schmidt plotted these co-or- 
dinates on a map, he saw a picture which no 
longer gave rise to doubts. The dots on the map 
ran in a wide band along arrows indicating the 
warm Atlantic current Gulf Stream. Eel larvae 
reached their home by drifting in the warm 
water flowing eastwards from the Gulf of Mexico. 
And almost all of them were caught on or very 
near the surface. The earlier concept by which 
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smaller leptocephaluses were to be found in deep- 
er waters had to be changed. In fact, the tiniest 
larvae had been caught in the westernmost areas 
of the North Atlantic. 

Another thing also came to light: the place 
where the eels multiplied, bringing forth lepto- 
cephaluses, was most probably the Sargasso 
Sea.* 

In 1913, Schmidt himself made a journey to 
the Sargasso Sea in the small schooner Mar- 
garet. 

This journey finally convinced him that it 
was here, in the blue abyss where the water was 
always calm, that the eels made their marriage- 
contracts. But here World War I broke out, 
and even gastronomers lost all interest in the eels. 

In 1920, Dr. Schmidt resumed his investiga- 
tions. Now he had a large three-mast schooner 
Dana at his disposal. A new complication chang- 
ed his plans somewhat: it was discovered that 
the American eels also reproduced in the Sar- 
gasso Sea. Therefore, first, one had to learn to 
differentiate between the larvae of American and 
European eels. Even adult European eels could 
be hardly distinguished from their American 
kin, while their tiny larvae were so much alike 
that it seemed to be impossible to tell with cer- 
tainty the difference between them. 


* The Sargasso Sea, which is also called a “shoreless 
sea”, is a giant oval, 5,000 kilometres along and 2,000 
kilometres across, between 23 and 35 degrees northern 
latitude and 30 and 68 degrees western longitude. Innu- 
merable sea weeds, sargasso, are free-floting in its sky- 
blue waters. All in all, the sea is celiniated to contain 
42-15 million tons of sea weeds. 
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And now Dr. Schmidt interrupted his study 
of leptocephaluses for a time and engaged in 
dissecting adult fish. He thoroughly examined 
266 European and just as many American eels 
caught in the rivers gf Massachusetts. And he 
found what he had sought: in the former he dis- 
covered at least 111 vertebra in the backbone. 
Their usual number was 114-115. The American 
eels, however, had fewer vertebra—104-111, usu- 
ally 107-108. Grassi and Calandrucio had proved 
in their time that the number of myomers, i.e. 
segments making up the muscles of a leptocep- 
halus, corresponded to the number of vertebra 
in the adult eel developing from it. This meant 
that a larva with less than 111 myomers would 
swim from the Sargasso Sea westwards, whereas 
one with a larger number would have to make a 
more distant journey to the coasts of Europe. 
If, however, the number of myomers was exactly 
111, it would be difficult to tell just where the 
parents of a larva had come from. Fortunately, 
there were only five such leptocephaluses of un- 
certain origin among the total of seven thousands 
captured. 

After the data collected by the expedition had 
been processed, it became perfectly clear where 
and. when the European and American eels 
produced offspring, how quickly their larvae 
grew, where and how fast they swam. 

European eels leaving the Baltic rivers in 
autumn approach the Sargasso Sea as early as 
the end of December. When Christmas trees are 
lighted up in Europe, the eels submerge into 
the ocean depths. They have their own—bio- 
luminescent—illumination. In the sombre abyss, 
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ghostly lights are emitted by large-toothed and 
fierce angler-fishes, black Vampiroteutis octo- 
puses and sea arrows. It is in this select deep- 
water society that the eels deposit their roe. 
The larvae emerge from the eggs, grow and swim 
to the surface. The smallest larva caught 
by Schmidt at a depth of over three hundred 
metres measured seven millimetres in length. 
The larger ones were captured nearer to the 
surface. 

By the end of the first year of life, a leptoceph- 
alus is a little larger than a thimble, only two 
and a half centimetres in length. During the 
second year, it doubles its size, and during the 
third, trebles it. While growing up, leptocepha- 
luses slowly drift with the Gulf Stream from 
west to east. In a year they cover a distance of 
about a thousand nautical miles, i.e. 1,800 ki- 
lometres, with this oceanic current. 

The American eels spawn not far from their 
European relatives but closer to America and 
a little more southerly. Their larvae also swim 
about a thousand miles in a year, but in the op- 
posite direction, from east to west. And since 
their route from their birthplace to the contin- 
ent is shorter by two thirds, they grow three 
times faster than European eels and are quite 
ready for transformation when they arrive at 
‘the river mouths. 

The European leptocephaluses which have at 
long last reached the rivers left by their parents 
three years ago ‘lose all their marine habits and 
become fresh-water fish. 

The females live in rivers for twelve, and 
the males, for five to seven years. Here their 
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adolescence comes to an end. And adulthood 
brings in its wake a passion for sea travels. But 
before they leave their ancestral home for ever 
(no adult eels return from the Sargasso Sea: all 
of them die there), the eels change into a “uni- 
form” more convenient for their sea adventures. 
Their lustrous bodies now look as though they 
are silver-plated. Their eyes have also grown 
larger and bulge like in the frog. 

For some unknown reason certain eels fail to 
reach sexual maturity. They remain in rivers 
and live a long life, some twenty odd years. 
They grow exceedingly fat and large, up to two 
and a half metres in length and sometimes turn 
the scales at over twelve kilograms. 

One eel was known to have lived for as long 
as 57 years. It was caught in Scotland in 1895 
when it was still a tiny eelworm, as glassy eels 
are called by the English. 

Two world wars took place on the Earth, many 
revolutions occurred in various countries of the 
world, an atom bomb was invented and -tested, 
supersonic planes and rockets were developed. 
Meanwhile Johannes Schmidt was studying the 
history of the evolution of eels, and a long fish 
was all this time peacefully dozing on the bot- 
tom of a large aquarium, indifferent to everyth- 
ing. 

During half-a-century, many deeds, both dis- 
graceful and admirable, were performed by men, 
many mysteries were unraveled by science— 
perhaps more than through all the previous five 
thousand years. In any case, the river eels have 
now been studied so well that we may proudly 
say that almost nothing was known about them 
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before our time. But even our most experienced 
scientists are now, after scores of years of bril- 
liant studies, unable to give definite answer 
te what seems to be simple questions: why do 
the eels have to travel so far in order to spawn? 
Isn’t there enough space in the ocean, off the 
coasts of Europe? What attracts them to Ame- 
rica? 

Nothing more than vague conjectures and un- 
proved hypotheses have been offered to explain 
this strange vagary of the river eels. One of 
such hypotheses, which, in general opinion, is 
more feasible than others, takes us far from biol- 
ogy and the Baltic rivers into the depths of by- 
gone millenaries and geological epochs. This hy- 
pothesis is so interesting that it deserves a spe- 
cial story. 


SIAL AND SIMA 


Our planet apparently formed about five thous- 
and million years ago from a condensed meteorite 
cloud extracted by the pull of the Sun from in- 
terstellar space. 

When this cloud, cold* and lifeless, revolving 
round the Sun condensed into a solid ball, its 
constituent radivactive elements, disintegrating 
and emitting thermal energy, heated the Earth’s 
entrails. The ball began to melt, litgher minerals 
coming to the surface, and heavier ones descend- 
ing into the depths of the lithosphere. There- 
fore, when the newly-baked Earth crusted, the 


* Its temperature was probably 100-200°C below 
zero. ; 
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solid rocks formed on its surface in two layers, 
the lighter upper portion floating upon the hea- 
vier lower one. They are called sial and sima, 
terms coined by the well-known Austrian geol- 
ogist Eduard Ziiss. The first syllable “si” in 
both terms derives from silicon, the last sylla- 
bles “al” and “ma”, from aluminium and mag- 
nium. 

The light* rocks of the Earth’s crust are 
known to be composed mainly of silicon and alu- 
minium, while the lower, heavy layer, or sima, 
is made up of silicon and magnium. 

Sial is also called the granite stratum, because 
it is mainly composed of granites and granodio- 
rites. It is from ten to thirty kilometres thick 
but at places is thinner, going down, for exam- 
ple, only three to five kilometres deep in north- 
western Germany. 

The upper stratum of sima (thirty to sixty 
kilometres deep by rough estimates) consists of 
basalt rock. Here molten rock known as magma 
can be encountered. The basalt floats upon an 
even denser layer of peridotite which is the 
realm of magma, where the temperature is so 
high that all minerals and rock are in a molten 
state. ** 


* They are only relatively light because the specific 
gravity of the sial is roughly 2.67 and of the sima, 3.27. 

** In the opinion of certain geologists, the basalt 
layers together with granites are part of sial, while 
sima is the peridotite stratum. According to this system, 
the earth-crust is composed of sial and only the upper- 
most layers of sima or even sial alone (granites and ba- 
salt rock), while sima (peridotites, griquaites, etc.) 
forms the Earth’s mantlerock, which envelops the heavy 
core and the adjoining ore strata. 
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They are by no means liquid, however. The 
tremendous pressure existing here, the Soviet 
geologist S. Kuznetsov writes, “keeps magma 
materials in a plastic and at places a solid sta- 
te”. 

This is a natural silicate, i.e. stone, in molten 
form. It is heated above the melting point; there- 
fore, when the pressure in the lithosphere les- 
sens for some reason or other, the magma imme- 
diately turns liquid, increases in volume and 
breaks through with a fantastic force into the 
upper layers of the Earth’s crust, sometimes is- 
suing on its surface in volcanic eruptions. Soli- 
dified magma is known as lava. 

But let us go back to sial. One would think 
that its thickness is uniform all over the Earth’s 
surface. This, however, is not so. Sial is the 
thickest in the continental regions. It thins down 
towards their edges and is almost reduced to 
naught at the ocean bed. The bed of the Pacific 
Ocean (and possibly of the Arctic Ocean too, 
as has been shown by the studies of Soviet sci- 
entists) is lined, in effect, only by sima. That 
is why the continents are sometimes described 
as giant masses of Jight rock floating upon a 
layer of heavier but less solid mineral materials. 
Indeed, sima evidently has fairly good plastic 
properties. As distinct from the crystalline sial 
the lower layers of sima are amorphous, glass- 
like, i.e. they have no internal structure and 
exhibit “fluidity”. 

It has been surmised of late that many, even 
very hard, substances transform into a specific, 
so-called fluid state under a great pressure. The 
heat of the Earth's entrails* melts stones and 
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metals, but the fantastic pressure (at least three 
and a half million atmospheres inside the Earth) 
is working in the opposite direction, making 
heated vapours and lavas to condense. Under 
the influence of these two factors—tem perature 
and pressure—the matter present in the entrails 
of our planet is apparently in a specific (neither 
liquid nor solid) state, which may in certain 
respects be compared with glass: it is plastic 
and fluid when subjected to a slow and strong 
pressure but has great internal friction character- 
istic of solid bodies. 

It is on this plastic mass that the Earth's 
crust rests, all its parts being in what is known 
as the isostatic equilibrium whose zero level is 
approximately at a depth of one hundred and 
twenty kilometres. This means that the lightest 
regions of the Earth’s crust are the topmost 
above this level. And conversely, its heavier 
parts are at a lower depth. This is why the ocean 
bed which is mostly lined with the heavy sima 
is less elevated over the level of the isostatic 
equilibrium than the regions of the Earth’s crust 
mainly composed of thick layers of light sial, 
i.e, the continents. 

It appears, therefore, that according to this 
theory, the continents float upon an undergro- 
und plastic mass like icebergs in the sea. They 
are comparable with blocks of wood floating in 


* It is supposed that the temperature in the Earth’s 
core is the same as on the Sun's surface—5,000 to 18,000°C 
and, according to some views, even 12,000°C. On the 
contrary, the Soviet scientist O. Schmidt considered it 
to be a little over 1,000°C. This is hot enough, too. 
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thick tar. Chips of wood stuck up in this tar 
will represent the beds of the Atlantic and 
Indian Oceans (covered with a thin layer of 
sial), while the hardened crust around is the 
“naked” sima lining the bed of the Pacific Ocean. 
Let. us pour a little water into this “tar barrel” 
and the “landscape” thus produced will com- 
plete the similarity. 


WANDERING CONTINENTS 


When speaking of the continents floating on 
sima, it is usually presumed that these huge 
masses of rock are capable only of slow vertical 
displacement upwards and downwards. They do 
not float over sima since blocks of sial of a va- 
riable size are firmly united as though jamming 
one another. 

But perhaps they are not so firmly attached 
to each other and may sometimes move in the 
horizontal plane, gliding over the dense and 
smooth sima like furniture on polished floor. 

This idea which seems fantastic to many spe- 
cialists occurred to a certain German geophysic- 
ist about fifty years ago. 

His name was Alfred Wegener and later he 
lost his life in the snows of Greenland where he 
had been exploring the glaciers of that country. 
His book “The Origin of Continents and Oceans”, 
first published in 1913, was printed in five im- 
pressions within the next twenty years. In this 
book he expounded his famous theory on migra- 
tion which became known as the theory of con- 
tinental drift. Few scientific hypotheses are 
known to have caused such heated debates as 
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the Wegener theory and to be so frequently used 
by specialists in other sciences trying to explain 
disappointing discrepancies in their research. 
At first, geologists almost unanimously took a 
stand against Wegener. Today the situation is 
different: some scientists support his theory wi- 
thout reservation, others introduce their own 
amendments into his hypothesis whose basic prin- 
ciples, brought up to date and supplemented, 
have been used to develop many modern, more 
elaborate geotectonic theories. 

Wegener was astonished by the exact corres- 
pondence between the edges of continents (you 
may also notice it on a map). The coastlines of 
certain mainlands supplement each other like 
the adjoining edges of pieces of a broken glass. 
One example is presented by the north-eastern 
angle of South America and the Gulf of Guinea 
in Africa, the former looking as though it was 
cut out of the latter. The eastern edge of North 
America, if applied in one’s mind’s eye to the 
western coast of Europe, will form a single mass 
with the latter. 

In the South Atlantic, there are gulfs and bays 
which seem to have been specially patterned to 
fit the size of the coastal capes of the antipodal 
continent lying on the other side of the ocean. 

Observing these and other strange facts, We- 
gener drew the conclusion that initially sial cov- 
ered the Earth in a continuous layer of a roughly 
uniform thickness, up to thirty kilometres deep. 
The waves of the primeval Ocean of Pantalassa 
were swashing over sial. This ocean which cov- 
ered the entire planet was relatively shallow, 
not more than 2.6 kilometres deep. Later the 
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forces generated by revolution of the Earth 
and tides in the magma, due to the pull of the 
Moon, broke up the crust of sial, knocked its 
lumps into a heap to form a single granite mass 
known as the supercontinent of Pangaea. It was 
surrounded by the boundless spaces of the sec- 
ondary ocean. All round it were the boundless 
spaces of the secondary ocean now called the 
Pacific which covered sima liberated from sial. 

Later, the supercontinent broke up and its 
pieces moved away in different directions: So- 
uth and North America to the west, Australia 
to the east and the Antarctic to the south. We- 
gener’s book contained even charts on which 
the consecutive stages of divergence of the con- 
tinents were shown. 

According to Wegener’s estimates, the cont- 
inents began their great drift approximately one 
hundred and thirty million years ago and are 
supposed to continue their movement to this 
day. For example, the distance between Nor- 
way and Greenland has increased by six hundred 
metres during the past six to ten years, which 
means that America drifts away from us at a 
speed of ten metres a year. Certain scientists 
believe, however, that the increase in the dist- 
ance between the Old and New Worlds is due 
to errors in earlier calculations rather than to 
continental drift. 

Fragments of sial torn out by friction from the 
continental bed fell into gaps formed behind the 
“stern” of the drifting continents on sima, i.e. 
on the bottom of the Atlantic and Indian Oceans 
filling the intercontinental “fissures”. This is 
why, Wegener wrote later, the beds of these 
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basins contained fairly large depositions of sial. 
The latter were absent from the floor of the Pa- 
cific Ocean, since no continent had yet drifted 
over it. 

The “waves” of sial surged in front of the 
drifting continent like those before a ship’s bow. 

America drifted westwards, and its western co- 
ast had to overcome the greatest resistance due 
to friction against the ocean bed. It began to 
wrinkle, and long ragged folds rose along its 
edges (like on milk skin when it is blown upon). 
This was how the Cordilleras girdling the Ameri- 
can continent along the Pacific coast came into 
being. 

Wegener’s theory can be used to explain many 
geologic, palaeontologic, palaeoclimatic and even 
zoologic riddles, for example, the origin of gla- 
ciers whose traces of a variable size are to be 
found on all continents, even the southern ones: 
Africa, South America, and Australia.* Since the 
continents were adrift, some of them apparently 
approached the pole (Northern or Southern) and 
were glaciated. Later they drifted away from 
the pole, their ice coat thawed, and a warm 
climate again came into its own. 

It might also happen that the polar countries 
drifted near the Equator, and then tropical anim- 
als and plants settled in the lands liberated 
from ice. 


* Three hundred million years ago, in the Stone Age 
and the Permian period of the Earth’s history, the nort- 
hern home had a predominantly warm climate and 
was covered with dense forests from which coal depo- 
sits formed later. The southern hemisphere was clad in 
ice: it was the glacial period there. 
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Therefore, when the American and European 
continents were still close neighbours, eels left 
rivers of a particular country to spawn in the 
intercontinental fissure filled with sea water. 
Gradually, the continents drifted apart, the fis- 
sure between them grew larger and larger, and 
the eels had now to make a longer journey to 
reach the familiar grounds where they had habitu- 
ally produced offspring: indeed, their spawning 
grounds drifted westwards together with Amer- 
ica. 

The eels also swam. westwards to catch up with 
America. Every thousand years their route be- 
came noticeably longer. In a hundred million 
years, the continents drifted so wide apart that 
they were now separated by the huge Atlantic 
Ocean instead of the former narrow fissure. That 
is why nowadays the eels have to make an autumn 
trip to cross the ocean in order to reach their 
ancient spawning grounds which at one time 
were very near Europe. 

Today Wegener’s theory is given more cred- 
ence by scientists than before. Few of them, 
however, support it in full. If this theory is 
wrong, the picture of the eels’ quest for the 
Promised Land will not stand criticism either. 
This, however, is so far the only plausible hypo- 
thesis of all we know. 


MIGRATIONS OF INSECTS 


THE FIRST EVIDENCE 


When we had entered the gorge we had to put 
on our goggles: they were falling on our faces 
like a hurricane of hail. 

This was told by William Beebe, a well-known 
American naturalist. In the Portachuelo Pass in 
Venezuela, his way was barred by a numberless 
swarm of winged insects: butterflies, beetles, 
flies, wasps, honey-bees. Representatives of at 
least fifteen zoologic orders were rushing like a 
whirlwind in front of him. Every second six but- 
terflies flew past, while the numbers of flies, ho- 
ney-bees, wasps and beetles were too large to 
be counted. 

Also there, in South America, another well- 
known explorer of the tropics, C. Williams, hap- 
pened to observe migration of butterflies. They 
were flying in a scattered crowd over a river, a 
virgin forest, and a deserted rubber-tree planta- 
tion. Their legions, which reached far out of 
sight. stretched over a distance of sixteen kilo- 
metres along :ront. A day passed, then another 
and another, but the butterflies were still flying 
in an endless swarm to the south-east. 

Williams went about the region, asking ques- 
tions about this phenomenon. The aborigines: 
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were not in the least surprised by his story. 
They assured him that butterflies flew past here 
every year at this time. 

Yet Williams was incredulous. Indeed, until 
very recently naturalists had believed that but- 
terflies never flew far from the place where they 
had developed from caterpillars. True, they were 
sometimes carried by winds to distant areas 
but such occasions were infrequent. 

Later, in Tanganyika, Williams studied and de- 

scribed many different migrations ofinsects,* and 
then for the first time felt a doubt about the views 
of his teachers, drawing the conclusion that but- 
terflies were not as eager to stay at home as they 
had been believed to be. 
_ And when he had looked into old books and 
chronicles, he understood that he was by no means 
a Columbus in this field: migrations of but- 
terflies had more than once been seen by people 
hefore his time. 

Incidentally, it was none other than Colum- 
bus who had given one of the earliest reports. 
“Next day”, he wrote, “butterflies appeared in 
such countless swarms that they darkened the 
skies” (his fleet was then approaching Cuba). 

But even Columbus was late with his disco- 
very. The first report about migration of butter- 
flies, which flew in a large swarm from Saxony 
to Bavaria, was dated A. D. 1100. 

In 1104, butterflies “eclipsed the sun” over a 
French town, striking its people with panic. In 
1272, a similar thing happened in Italy, and in 


* One migration of butterflies lasted four months at 
a stretch. 
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1248, in Japan. In 1745, a cloud of snow-white 
butterflies (large cabbage white butterflies) lan- 
ded on the Harra village in Germany. It looked 
as though a snowstorm had broken loose in the 
middle of a hot summer. 

Invasions by butterflies were also seen in 1741, 
1805, 1826, 1879 and 1906. More than a hund- 
red of such reports have come from different 
countries of Western Europe: France, Italy, Spa- 
in, Belgium, the Netherlands and the British 
Isles. 

Smugglers and Alpine-climbers found large gla- 
ciers strewn all over with dead butterflies high 
up in the mountains. Probably, they had been 
caught in a bad weather during their flight over 
them. 

Seamen have more than once seen swarms of 
southbound butterflies over the Mediterranean 
Sea. They seemed to have their own theory of 
migration of butterflies to Africa. 

It was a logical suggestion, though it Jooked 
quite incredible to many biologists some twen- 
ty years ago. The first timid voices in defence 
of it were raised by entomologists as far back 
as the last century; until the middle of the pre- 
sent century, however, this problem had not 
been given serious attention. 


THE MONARCHS CONQUER NEW LANDS 


The American entomologists have made an 
important contribution to the study of the mi- 
gration of butterflies. 

It was easier for them, however, to make their 
observations than for their European colleagues: 
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a classical specimen of migratory butterflies, the 
Monarch or Milkweed butterfly, lives in the Uni- 
ted States and Canada. These large and beautiful 
butterflies regularly undertake distant journeys 
in spring and autumn at a strictly definite time. 

In autumn, monarchs from aJl over North 
America fly southwards in a broad formation 
over a distance of over 3,000 kilometres. They 
winter in Mexico, Florida, Cubaand the Baha- 
ma Islands. Many butterflies settle in South Ca- 
lifornia as well. 

Here, the so-called “Butterfly trees” grow. 
Monarchs settle on them by the thousands. Year 
after year, they winter on one and the same tree, 
their rustling crowd covering every inch of its 
branches and leaves. More than a hundred win- 
tering butterflies were once counted on a branch 
which was only thirty centimetres long. 

In California, monarchs are shown to tourists. 
One throwing astone at a butterfly or causing any 
other harm to them is punished by a fine of 500 
dollars. 

Usually, the butterflies are motionless. Only 
when the sun has grown hot, they reluctantly 
crawl into shade. In spring they come to life, 
begin to visit local flowers and gradually migra- 
te northwards. They multiply en route. After 
depositing their eggs on milkweed the females 
die. The younger generation continue their tra- 
vel to the north, the Promised Land of their an- 
cestors, and in autumn the young monarchs again 
fly southwards to winter on the same trees as 
their parents, although they have never seen the- 
se trees before. 

Monarchs (of another species, though) also in- 
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habit South America. Every autumn they fly 
to the Equator and become southbound in spring. 

Monarchs perhaps have no rivals among but- 
terflies for their capacity to fly over long dis- 
tances. They have hundreds of times been found 
in Europe and caught ‘on the high seas, some two 
to three hundred miles off the coasts of Britain. 
They have already acclimatized on the Canary 
Islands and the Azores. And if they had found 
a suitable kind of milkweed (monarch larvae 
feed exclusively on milkweed), they would have 
settled in Europe long ago. 

Monarchs are invading new lands to the west 
of America also: their vanguard parties have ma- 
ny times crossed the Pacific Ocean. In 1850, the 
monarchs were for the first time seen on the Ha- 
waiian Islands. In ten years they made their ap- 
pearance in New Zealand, and a little later in 
Australia. 

Their southward flights are still in progress: 
the monarchs have already settled on Borneo. 


A MIRROR FOR A GIFT 


The European butterflies are subdivided into 
three groups according to their migratory habits. 
Those in the first group are simply visitors from 
the south, for example, the Striped Hawk and 
the Oleander Hawk. Oleander hawks have been 
found near Kazan and in Karelia in summer. 
These butterflies do not produce offspring in the 
temperate and northern zones. Their homeland is 
the Caucasus, the Crimea and southern countries. 
They are not migratory but simply stray butter- 
flies. 
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The second group includes the Pierid Butter- 
fly, the Camberwell Beauty (or the Mourning 
Cloak, as they call it in America), various kinds 
of cabbage and nettle butterflies, and the Ma- 
chaon. They multiply in Central and Northern 
Europe, but each summer southern Camberwell 
beauties, cabbage butterflies and machaons arrive 
from the south and supplement the local fauna. 
The butterflies of this group usually winter in 
Central Europe, though in certain years they 
migrate southwards. 

Periodic spring and autumn flights are made 
by butterflies of the third group: the Painted 
Lady, the Red Admiral, the Death’s Head Hawk, 
and the Convolvulus Hawk. They do not stay 
in Central or Northern Europe for winter, either 
in the form of eggs or caterpillars, pupae or ima- 
goes. Every autumn they fly away to the so- 
uth. Some of them travel alone, others gather 
into fairly large swarms which are joined, with 
their progress to the south, by new and newcom- 
panions, sometimes of another species. Grass- 
hoppers and even birds are known to travel 
together with swarms of butterflies. The migra- 
tory routes of butterflies coincide in general 
with those of the birds. As has been shown by 
some observations, butterflies accurately follow 
the chosen course, never deviating far from it. 
If they come across mountains or tall buildings 
they would rather fly over than round them, 
even if the roundabout way is shorter. They usu- 
ally fly low above the ground, at a height of one 
to two metres and rarely rise above rooftops. A 
swarm of butterflies, however, was once seen at 
an altitude of 2,000 metres. 
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The speed of the flights has been determined 
by a study of cabbage butterflies. Flying in a 
quiet weather against the wind of force up to 
four, they make from two to four metres a second 
(i.e. seven to fourteen kilometres per hour). 
Flying before the wind. they make up to ten 
metres per second (i.e. 36 kilometres an 
hour). 

It is not yet clear how the butterflies take 
their bearings en route (this will be discussed in 
greater detail in the chapter “The Wind, Friend 
and Foe”). It has been noted that they often 
follow warm air currents. In spring, for example, 
migratory butterflies appear in Britain, whose 
coasts are washed by the Gulf Stream, earlier 
than in Western Europe although the latter is 
situated more southerly. Following the streams 
of warm sea and air currents, butterflies even 
travel as far as Iceland, flying hundreds of ki- 
lometres over the ocean. 

Of the migrant butterflies living in the USSR, 
the Painted Lady has been studied better than 
any other. This is the most common butterfly 
in the Ukraine and the southern regions of the 
USSR. Light-brown in colour it looks like a 
nettle moth. German scientists have processed 
data on the flights of painted ladies during the 
past 170 years, studied the routes and time of 
their arrival and departure. Painted ladies of- 
ten gather into immense swarms and make dis- 
tant journeys to places thousands of kilometres 
away. These butterflies have spread throughout 
the world and now live on all continents except 
South America and, naturally, the Antarctic. 
They have more than once been seen over the 
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Atlantic Ocean, thousands of miles away from 
the coast. 

Before World War II the Painted Lady but- 
teflies became extremely numerous in the Uni- 
ted States. Their caterpillars destroyed all weeds, 
so farmers applied to the Department of Agricul- 
ture asking whether there was any means to 
stimulate a mass reproduction of painted ladies 
every year in order to fight the weeds in the 
crop fields. In 1942, a huge swarm of burdock 
moths was observed in the same region. It was 
estimated to consist of about three billion but- 
terflies. Gigantic swarms of burdock moths were 
reported to fly over Germany in 1879, 1903 and 
1929. 

Each year, the Painted Lady butterflies which 
have wintered in Africa gather into large swarms 
and migrate northwards. They cross the Mediter- 
ranean Sea and fly over the Alps. Beyond the 
latter their swarms break up, many butterflies 
settling here, and others flying onwards. By the 
middle of May they reach the northern regions 
of Germany, Britain and Byelorussia, and a few 
days later appear in Scandinavia. 

In Africa, painted ladies are to be found al- 
most everywhere to the south of the Sahara De- 
sert. Unlike the wintering monarchs, however, 
they are not half-asleep but waste no time, in- 
tensively producing their young. 

... Skertchiley was riding a camel (it was in 
the desert behind Suakin, on the Red Sea) and 
was soon rocked to sleep. The skies were blaz- 
ing with heat, and the air was motionless under 
the scorching sun. But the grass on all sides was 
swaying as though swept by a wind. Skertchiley 
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jumped off the camel and ran to see what was 
going on there. And he suddenly stood stock- 
still in utter amazement: Painted Lady butter- 
flies, millions of them, were emerging from the 
chysalis, spreading and quivering their wings to 
dry them in the sun.” That was why the grass 
was swaying: a butterfly was settled almost on 
every blade. A half-hour later, the entire step- 
pe was swept by a whirlwind of wings: the 
butterflies flew into the skies, and the swarm 
was soon out of sight beyond the sea, in the 
east. 

Williams believes they flew over Turkey to 
the Ukraine. He himself has more than once seen 
thousands of painted ladies in Egypt which flew 
away in the same direction every year early in 
summer. 

It is not difficult to recognize the first Painted 
Lady butterflies coming from the faraway south. 
They have become what may be called rather 
shabby on their way. Their colours are pale, as 
though faded by sunshine. The wings with their 
pollen wiped off are ragged at the edges. The 
butterflies sit on plants for a long time and leave 
them with reluctance. Apparently they take a 
rest after a difficult journey. 

In June, another army of painted ladies arri- 
ves from the south. They are the progeny of 
those which settled in Southern Europe in April 
and May. After depositing their eggs, the female 
painted ladies die. In July, it is the time of ho- 
mecoming of the local painted ladies—descen- 
dants of the butterflies which had come from 
Africa. They are notably larger than their mi- 
grant parents and are brightly coloured. At the 
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end of summer, young painted ladies also migra- 
te to North Africa for winter.* 

North American and Australian painted ladies 
make their autumn and spring flights at the same 
time as their European relatives but in a diffe- 
rent direction. 

The seasonal migrations of butterflies look very 
much like those of birds. However, there is a 
substantial difference between them. In autumn, 
all birds which have grown up in our forests, 
both adult and young, fly away to the warm 
lands. In the case of butterflies, however, only 
the young ones, which developed in summer 
from the eggs laid by the butterflies which had 
come from the south in spring, migrate to dis- 
tant lands for winter. Every butterfly makes 
such a journey only once in its life. 

The Red Admiral is a migratory butterfly wi- 
dely occurring in the USSR. This, however, is 
a solitary traveller. Red admirals rarely gather 
into swarms. They fly singly low above ground, 
but all follow one another along one and the same 
course. A certain patient naturalist spent all day 
near a place where the first Red Admiral had 
flown in the morning and counted another thirty- 
six red admirals passing by the same route. So- 
metimes red admirals join swarms of painted la- 
dies. Only when they approach the Alpine passes 
will they gather into small crowds. 

Other migrant butterflies common in the USSR 
are the Silvery moth, pale yellow clouded but- 


* This scheme of migration of the Painted Lady is 
based on a study of their West European variety. 
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terfly, looking like the brimstone butterfly, and 
some other butterflies resembling the sphinx 
moth. It may be seen even in town, hovering over 
flowers on window-sills. 

The study of migrations of butterflies has been 
started but recently. Many interesting disco- 
veries will certainly be made by scientists in 
this field. But for a final solution to this problem 
joint efforts by scientists of different countries 
will be required. 

It is more difficult to observe migrations of 
butterflies than those of birds, and it is not easy 
to mark them. Indeed, a ring cannot be attached 
to a butterfly. At first, butterflies were tagged 
with colour marks. The reverse side of the wing 
was marked with diluted oil paint. It was agreed 
to use red marks in Switzerland, yellow in Aus- 
tria, green in West Germany and light-blue in 
the German Democratic Republic. 

Every station for the study of butterflies’ mi- 
gration, in addition to the colour generally ac- 
cepted throughout the country, has its own dis- 
tinctive sign which is a combination of dashes 
and dots like those in the Morse code. 

In America, butterflies are marked with tiny 
labels glued to their wings. A label indicates the 
address of the museum and the personal number 
of the insect. Entomologists in Toronto perfo- 
rate the wing with pliers right beyond the ante- 
rior marginal vein. A label is inserted into the 
hole, its edges are bent over the vein and glued 
together. After this operation the wing carrying 
the label is brought into balance with its counter- 
part, since the tissue removed with the pliers 
equals the label in weight. 


157 


Recently, Dr. Roer of the German Federal 
Republic has bred and released sixty thousand 
Cabbage White butterflies. Every butterfly lea- 
ving his laboratory was presented with a tiny 
mirror—a very thin aluminium plate—attached 
to its wing. Glittering in sunshine, the mirror 
would undoubtedly attract people’s interest. Kno- 
wing the price of human curiosity, Roer hoped 
that people who have noticed a butterfly with a 
mirror will immediately run after it. They will 
catch and examine it, and will find a tiny label 
attached beside the mirror (both weighing three 
milligrams). They will read the scientist's address 
under a magnifying glass and will inform him 
when and where the butterfly was captured.* 

His expectations came true ... in twenty cases 
out of sixty thousands. 


WHERE DRAGONFLIES APPEAR 
HENS STOP LAYING EGGS 


Dragonflies yield nothing to butterflies in the 
way of air travel, and do not always keep to 
their native pond. Ancient chronicles describe 
quite a few migrations of dragonflies in swarms 
“eclipsing the sun”. 

The two species of dragonflies, the Four-Spot- 
ted Libelulla (Libelulla quadrimaculata) and the 
Broad-Bodied Libelulla (Libelulla depressa) are 
the most common in Europe. In summer they 


* Dr. Roer is in general a very ingenious scientist. 
For example, at an earlier time he marked his winged 
charges by staining them with aniline dyes and also 
by feeding the larve on some material which produces a 
pale pink instead of a white butterfly. 
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may be seen hovering over almost every pond 
and river. The Broad-Bodied Libelulla has a 
very conspicuous appearance, with its abdomen 
flattened from above downwards and tender blue 
in hue (in the male) or yellow (in the female). 

These insects are daring fliers. They frequently 
gather into vast swarms. Once in July a great 
flight of Libelullas passed over the Swedish town 
on Malmé for several days on end (at intervals, 
though). They were so numerous that even the 
streets of the town, house roofs and park lawns 
were strewn with dragonflies. 

Perhaps the largest raid by dragonflies on Eu- 
rope took place in Ireland in 1947. They appea- 
red from the sea and invaded the island in seve- 
ral columns. They were flying low in compact 
formations. One of those migrations passed near 
Carrigaline (Mid-Cork). The insects came “in 
great thick black masses, like dark clouds... 
They really frightened people”... 

It was established by entomologists that this 
swarm had not been seen either over Britain or 
France. It is supposed that after leaving the sho- 
res of Spain or Portugal it had flown almost a 
thousand miles over the sea. 

It is not yet known how far dragonflies migra- 
te from the northern countries of Europe. Their 
large swarms, however, fly to the south over cer- 
tain passes in the Pyrenees and the Alps every 
autumn. 

The yellow dragonfly Pantala flavescens like 
the Painted Lady butterflyies have spread al- 
most through all continents. Their numberless 
swarms often darken the skies over Egypt, the 
Sudan, Tanganyika, South Africa, India and In- 
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do-China. Once myriads of these dragonflies came 
on board s.s. Victoria sailing in the South In- 
dian Ocean about nine hundred miles from the 
nearest Australian coast. 

North American dragonflies often travel south- 
wards in company with monarchs and swallows 
and probably winter in the same places as birds. 

It is told that in the Argentine a violent 
wind known locally as the “Pampero” is always 
preceded by the arrival of swarms of frightened 
dragonflies. Millions of fhem race with gusts of 
the approaching gale, and when they meet a 
forest or a grove on their way their chirring 
crowds throng the thickets. 

Local shepherds know that the coming of dra- 
gonflies portends the coming of the dangerous 
wind. They drive cattle from the plains into 
gorges seeking protection in the forest, where 
the winged heralds of the wind have already ta- 
ken shelter. 

An invasion by dragonflies is an ominous sign. 
True, it is not invariably followed by the “Pam- 
pero” but often enough they bring misfortune on 
their wings. The arrival of dragonflies means a 
plight for poultry. Domestic fowls and turkeys 
stop laying eggs as though by evil magic. When 
Polish peasants see swarms of dragonflies in the 
air, they hasten to drive hens into their coops. 
Are they simply superstitious? 

Scientists have also noticed that hens stop 
laying eggs where dragonflies pass. When sick 
hens had been examined, however, their oviducts 
were found to be nibbled by trematodes. There- 
fore, the nymphs, dragonfly larvae, were closely 
examined under a microscope. They were found 
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Thousands of migrating ladybirds have swarmed into 
what looks like a living “bark” on a tree trunk 


ybirds have gathered together for wintering 


to contain cysts, encysted trematoda embryos. 
When these larvae had been fed to hens, the latter 
were taken ill. 

It goes without saying that here the myste- 
rious connection between hens and dragonflies 
was brought to light. Trematodes begin their 
life cycle in snails and insects and in later life are 
parasitic in birds and beasts. Dragonfly nymphs 
are nearly always infected with trematodes. 


LADYBIRDS DO NOT STAY AT HOME EITHER 


It happened in the Ukraine late in August. 
Walking through a forest, a Jarge swarm of la- 
dybirds suddenly caught my eye. They were rest- 
lessly crawling over dry leaves and oak trunks, 
climbing blades of grass and taking off into the 
air. All were headed south-west. Dozens of them 
were aloft and soon melted out of sight, while 
thousands remained swarming on the ground. 
The tiny red beetles were starting on a long jour- 
ney to their winter habitats. Where did they go? 

Entomologists have no doubt that ladybirds, 
like many butterflies and dragonflies, undertake 
journeys to distant lands in spring and autumn. 
Their swarms were seen passing over various 
countries of Europe, Africa, Asia and America. 

Once they littered London streets like a sho- 
wer of red hail, although their main force had 
apparently flown north of the city where they 
had been seen passing for several days on end. 

In August, 1952, a mammoth swarm of lady- 
birds, which had come from far away, invaded 
Britain. No sooner had they seen the coast than 
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the exhausted beetles began to fall on the sto- 
nes at the edge of the sea. They were soon drow- 
ned by the tide, and for a long time after, the 
high-tide-line was marked by a pink band of 
millions of dead beetles, extending for about 
forty miles along the coast of southern Lincoln- 
shire. 

Specialists agreed unanimously that the beet- 
les which had died in the tidal waves were no- 
thing else but the common Seven-spot ladybirds. 
They are to be found almost everywhere in Eu- 
rope and are incorrigible vagrants. Their mi- 
grations have also been observed in Central Asia 
and India. 

Ladybirds are very useful insects. They pro- 
tect fruit orchards against plant-lice or aphids 
which are famous for their fecundity. It has been 
estimated that in less than a year the progeny 
of only one aphid may grow to a colossal num- 
ber: 17,000,000,000,000,000,000,000,000,000, 000! 
The entire planet would have been buried under 
a layer of swarming aphids if it were not for their 
voracious enemies. Ladybirds have no mercy for 
these plant killers, and some ot them gobble 
up as many as sixty aphids a day. Where lady- 
birds are many, plant-lice are always few. 

As far back as half-a-century ago, the Ameri- 
can gardeners began to collect ladybirds in au- 
tumn and keep them in cold storage in winter in 
order to liberate them in spring to protect orange 
trees. From one to two hundred thousand la- 
dybirds could be collected by two workers in a 
day. Many plantations kept millions of ladybirds 
in storage. It was found later, however, that this 
game was not worth the candles, since all beet- 
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les released in spring shortly deserted the plan- 
tations. 

At one time, four hundred thousand marked 
ladybirds were specially released in order to trace 
their routes of escape. In three weeks’ time, 
none of them was to be found where they had been 
liberated. They were searched for in the neigh- 
bourhood. Every beetle captured was carefully 
examined, and nineteen marked ladybirds were 
found ata distance of seven miles from the trees 
which had been placed under their care. In anot- 
her experiment, of the six hundred thousand 
marked Jadybirds released in spring only two 
were discovered three-four miles away from the 
orange grove where they had climbed into the 
open out of a crowded box. 

Whither and why did they fly away? Indeed, 
there was so much food relished by them near at 
hand: the orchards literally swarmed with ap- 
hids. It appears that every autumn these beetles 
leave the green valleys of California for the mo- 
untains. There they winter under stones, fallen 
leaves and dry pine needles. Rather than look 
for a solitary shelter, they gather into swarms 
of many thousands. In spring, when the earth is 
warmed by the sun and fruit trees put forth green 
sprouts, they awaken and fly to the valleys, so- 
metimes hundreds of miles from the hills where 
they had been fast asleep through winter like 
bears in their lairs. 

This is why ladybirds released in spring scat- 
ter in all directions, driven by a blind instinct. 
In the early weeks of their revival from their 
winter dormancy the beetles are obsessed by an 
irresistible urge for hovering over hill slopes in 
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search of “summer pastures”. Williams says that 
if they are not released immediately but are al- 
lowed to fly about a large cage for a fortnight, 
to “stretch their wings” “the urge to migrate 
might pass and the insect would settle down in 
the area of liberation”. This advice is going to 
be put to the test. 

European ladybrids also sometimes gather in 
large swarms in their winter habitats. In Bri- 
tain, a large winter colony of ladybirds was once 
found on a gate post on the farm of Rothamsted. 
A thick swarm of beetles clung to the post and 
sunk into a dormant state right in the open air. 
The tiny insects were soaked by rains, beaten 
by snow blizzards and ‘ice-cold winds, but they 
survived all hardships and in May scattered 
throughout the region (which was quite a sur- 
prise to all: no one had doubted that the beetles 
would die). 

The well-known French naturalist J. H. Fabre 
once came across an old chapel on the summit of 
Mount Ventoux, near Avignon. It seemed to him 
from a distance that the chapel was built up of 
globules of coral. When he came nearer, he saw 
that the entire roof and walls of the chapel were 
covered with countless numbers of ladybhirds. 

Winter colonies of these insects have also 
been found in deserted buildings in Spain and 
Italy. Were they local beetles or visitors from 
the north? It is not yet certain whether they al- 
ways winter near their summer habitats or, like 
many butterflies, fly away to warm lands. 

At any rate, passing swarms of ladybirds have 
been observed. in Africa. One of them spread 
like a cloud over the sea to the west of Alexandria. 
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The beetles were flying at a low height and 
seemed utterly exhausted. As soun as they saw the 
coast they began to drop on shore stones. They 
clung to them in a thick crowd, climbing on one 
another. Soon a_ helt of swarming insects 
stretched along the coastline. Not for a mile or two, 
but for a good twenty miles! This living belt was 
estimated to contain about five thousand mil- 
lion ladybirds. 

They had arrived in Africa from somewhere 
in the north. When they reached their destina- 
tion they were completely out of breath. Where 
did these beetles start off? In Europe? 


CHASING LOCUSTS 


At eleven in the morning the locusts landed 
near Amani in Tanganyika. The greenery im- 
mediately turned brown from the thousands of 
millions of insects devouring the foliage. A quar- 
ter-hour later wasps arrived—very large and 
black. Sphegid wasps jerking their light wings, 
they were busily running over dusty roads and 
paths, searching for places where dry earth was 
free from grass. Their numbers grew every mi- 
nute, and soon the roads were black from their 
swarms. They had never been seen here before. 

The biologists who studied the locusts caught one 
hundred and sixty eight digger wasps in a lawn, 
several square metres in area, within an hour. 

The wasps immediately got down to work, dig- 
ging burrows, making flights into the grass jung- 
le teeming with locusts, and catching them there. 
One thrust of their slender “sword” into the body 
of a locust—-and the latter was paralyzed. Now 
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it would be neither dead nor alive and lie in 
deep lethargy at the bottom of the hole into 
which it had been placed by. the wasps. The lat- 
ter laid their eggs on its breast. The larvae which 
would hatch from them would feed on locust 
flesh. And while the future wasps were growing, 
they would have plenty of “tinned” locust meat 
at their disposal. 

All day until dark the wasps were building up 
provisions for their young progeny. Next day 
after noon, the locusts, which had devoured eve- 
rything they could, rose into the skies. The 
spheges dropped their trophies in haste, gathered 
into a dense crowd, and off they went in pursuit 
of the locusts, lest they should lag behind. It 
would be a hard job to find them later, indeed: 
in the boundless prairies of Africa even a squad- 
ron of heavy bombers may be lost, to say no- 
thing of the locusts. The wasps were in such a 
hurry that they had no time to scoop earth over 
many of the holes. Thousands of paralyzed grass- 
hoppers were lying here and there around Amani. 

A day later these wasps could be seen many 
miles away from Amani. In a dense black swarm 
they were racing amidst the yellow cloud of 
locusts and droning so loudly and fiercely that the 
man who had noticed them ducked instinctively to 
avoid them when they were passing over his head. 

All the wasps which were pursuing the locusts 
were females. And where were the males? you 
may ask. Do these wasps reproduce parthenoge- 
netically, i.e. without fertilizing the ovum or 
perhaps fecundation takes place before the wasps 
take off in pursuit of the locusts. In this case, the 
males really had nothing to do during this flight. 
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Things are quite different in the case of the 
Mottled Umber moths: they have wingless fema- 
les which are unable to fly, while the males ap- 
pear over Heligoland Island together with birds 
of passage every autumn. From here their route 
lies to the south. But the females remain in the 
north: they are born to crawl rather than 


y. 

The Australian wasp of the family Thynnidae 
display the same habits: their males leave the 
wingless females and fly away to distant lands. 
These wasps fly in one swarm with hutterflies, 
moths and flies. Hover flies or Syrphidae have 
also been noted to travel in company with flies. 
They may often be seen hovering over flowers. 
Many of them imitate wasps, bumblebees and 
honey-bees in the shape of body and colour. The 
larvae of some hover flies are comparable to la- 
dybirds in their craving for aphids, while others 
live in water and feed on rotting leaves. Migrants 
are encountered in both of these varieties. South- 
bound flower-bud maggots have been seen over 
mountain passes in the Alps and the Pyrenees 
(sometimes together with ladybirds). 

When Hilary and Tensing were climbing Mt. 
Everest in March, 1953, they met with a merry 
crowd of butterflies and hover flies flying over 
the Himalaya Mountains at an altitude of about 
four thousand metres above sea level. 

Besides hover flies, there are other migratory 
flies, for example, the ichneumon flies and the 
large and blue red-headed and black-headed flies 
which are known to all. In summer, they often 
find their way into rooms, and, buzzing loudly, 
beat against the window panes. 
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It is not unlikely, says Williams, that we shall 
be unable to answer the age-old question “Where 
do the flies go in the winter time?”, if we fail 
to include it in the range of problems arising from 
migrations of insects. In other words, he suspects 
that in winter the common house-flies, rather 
than sleep in their hide-outs in cracks, fly to 
the south together with birds. Few people will 
be surprised by this fact after it has been learned 
that similar journeys are annually made by diur- 
nal butterflies, sphinxes, dragonflies, ladybirds, 
flies, wasps and, apparently, other jnsects. 

Even such tiny creatures as leafhoppers do not 
stick to a particular place throughout the year. 
They appear over the Hawaiian Islands and 
Texas in swarms which may compete with lo- 
custs in size. The Beet Leefhopper of North Ame- 
rica multiplies north of the Rio-Grande River 
(on the border between Mexico and the United 
States), but each spring these insects fly in large 
swarms to the north—Texas, Kansas, New Me- 
xico and Colorado. The farther they go, the more 
“fuel” they spend: before the start each leafhop- 
per weighs about a milligram of which 30 per 
cent is fat, whereas after 300 kilometres of jour- 
ney it has only 10 per cent of fat left in its “fuel 
tanks”. This is sufficient for another 200 miles 
of flight. The amount of remaining “fuel” 
may indicate just how far the insect has gone 
from the fields where it had built up its fat 
reserves. 

Much barley and wheat is consumed by eury- 
gasters. As though escaping punishment, they 
leave the fields of Uzbekistan every year in June 
and fly high up into the mountains. There they 


168 


stay in a hiding place through winter. In March 
and April they return to the valleys, produce 
offspring and die (it wouldn’t be bad if they died 
for a start, though). This is merely a brief out- 
line of the eventful life of these insects, for its 
detailed description would have taken us too 
far from our subject. We have not yet paid due 
attention to the main hero of this chapter, the 
locust, which is the King of all six-footed no- 
mads. 


THE EIGHTH PLAGUE OF EGYPT 


Once after breakfast time, Williams tells us, 
there came a warning by telephone that the eighth 
plague of Egypt was due to befall Amani, a small 
village in north-eastern Tanganyika. At that ti- 
me, Williams worked as entomologist at a plant- 
breeding station. “Now we will see what you can 
do”, the frightened station manager told him. 
The latter was evidently unaware of the fact that 
even all entomologists of the world taken toge- 
ther would be helpless where the locusts were. per- 
petrating their evil crimes. 

After an hour, the skies grew dark in the north. 
A grim-looking cloud obscured the heavens.. 
The sun grew dim. The first arrivals poured down 
upon the fruit trees of the experimental orchard 
and battered the corrugated house roofs like a 
shower of hail. A gray blizzard seemed to be 
raging over the ground. Human voices were 
drowned by the drone of countless wings. Tree 
branches were breaking under the weight of 
locusts settling on them. The entire region chan- 
ged its colour to brown. 
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Yet the cloud in the north seemed to be end- 
less. For nine hours on end it darkened the skies 
after the arrival of the vanguard legions. This air 
Armada consisted of at least ten thousand bil- 
lion fliers. 

Williams calculated that if it were possible 
to kill a million insects every minute, it would 
have taken about seven days and nights, to work 
like butchers to destroy such a swarm, with no 
time for sleep, drinking or eating. Later he was 
to see a distracted Assistant Director of Agricul- 
ture, who was evidently at odds with mathe- 
matics, fiercely jumping on the locusts and crush- 
ing them with his feet. 

Next day, the Jocusts flew away, leaving be- 
hind a naked desert instead of what had been a 
flowering land. 

The railway tracks which circled the foot of 
Mt. Kilimanjaro were strewn with locusts all 
along their length. At first they were crushed by 
the wheels of passing trains, and then the wheels 
began to skid, and the engines were puffing help- 
lessly unable to pull the train even over a short 
upgrade section. 

Similar cases have been reported from the State 
of Nevada in the United States. In the Soviet 
Union, locusts once blocked traffic between Tbi- 
lisi and Poti in the Caucasus. In 1917, an air- 
plane collided with a cloud of grasshoppers in 
Spain and crashed. 

Stories about locusts look fantastic. It is told 
that in South America a swarm of locusts stretched 
for a hundred kilometres along and twenty kilo- 
metres across. Their route lay through many 
countries of the continent, and they flew in clo- 
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se formation over a distance of about three thou- 
sand kilometres. Also there, in South America, 
another hungry swarm of insects attacked a to- 
bacco plantation and devoured twenty thousand 
nicotine-bearing plants, in twenty ... seconds. 

A ship once sailed in the Red Sea through a 
thick mass of dead locusts for thirty-five hours 
at a stretch. This sea was once crossed by a huge 
swarm of locusts which darkened the skies over 
an area of two and a half thousand square miles. 
If it were possible to collect all of them, they 
would turn the scale at forty million tons. It 
will be recalled that the total weight of the 
Earth’s population is only three or four times 
larger. 

In 1881 in Cyprus almost a million and a 
half tons of locust eggs were digged out from the 
ground and destroyed. But the locusts paid no 
heed to these casualties and in two years they 
laid three times as many eggs into soil. 

During the Russo-Turkish war of 1878, a Rus- 
sian detachment which was on the way to the 
Turkish border through a district of Georgia met 
with an immense swarm of locusts. At first, the 
soldiers marched onwards, scaring the insects 
away with their hands, but the latter soon over- 
run the surroundings. The men were walking 
as though in a fog. The locusts were circling 
round them in such thick swarms that it was 
difficult to breathe. They crawled under collars 
and helmets, into sleeves, rifles and knapsacks. 
The men had to cover their ears, eyes and 
noses. 

Even flat ground was slippery like ice, the fat 
insects squelching under the feet like a mass of 
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oiJed gruel. When the men had caught sight of a 
small village at a distance, they broke into a 
run without picking their way through the fields 
and down a mountain slope. They slipped and 
fell, and when they got into houses they were 
soiled with crushed locusts from head to 
foot. 

For two days they were sitting snug in the 
village, while locust swarms were raging outside. 
Not a single green leaf nor so much as a blade 
of grass was left by the locusts which had eaten 
up all foliage. For scores of miles the detach- 
ment marched over a naked desert. 

Locusts appear in swarms of a tremendous size 
and lay waste whole regions and countries. The- 
se insects are extremely voracious. Every ton of 
locusts eat ten tons of greenery of every kind. A 
swarm weighing fifteen thousand tons needs as 
much food as the entire population of such cities 
as Kiev or even Rome. The harm caused by lo- 
custs to crop fields and fruit orchards through- 
out the world amounts in terms of money to 
thirty million pounds sterling annually. 

In earlier years when locust control was not 
so well organized as today, and when peasants 
using primitive farming technique were unable 
to make large grain stores, whole countries were 
striken by famine after large locust invasions. 
In 125 B. C. locusts devastated all wheat and 
barley fields in the Roman Colonies of Cyrena- 
ica and Numidea (in North Africa), and the peo- 
ple of these countries—800,000 in all—were 
starved to death. Comparatively recently, in 
1866, the exhorbitant voracity of locusts caused 
the death of twenty thousand people in Morocco. 
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What is this plague of Egypt of which legends 
of the East and West tell with such fear and 
hatred? 

This is what seems t6 be the most common grass- 
hopper. Only a specialist can distinguish it from 
other grasshoppers which leap over our meadows. 
A locust may be recognized from its short anten- 
nae and long wings. 

All locust species lay their eggs into soil. 
They are packed into foamy bags which harden 
the surrounding soil and form into what looks 
like pots. The eggs hatch into larvae which get 
under way in the early days of their life. Because 
their wings are underdeveloped they travel on 
foot. Their crawling swarms merge on their way 
and move onwards in double numbers. They eat 
up all foliage en route and stay for the night 
where they are overtaken by darkness. Having 
climbed a blade of grass a locust falls asleep. At 
dawn, when the earth has been warmed by the 
sun, they resume their trek. In the first days, 
they move at a crawling pace, making only one 
hundred to one hundred and, fifty metres a day, 
but later they pick up speed to one kilometre. 
Within three weeks of their birth they leap so 
fast as to cover ten kilometres each day. Should 
their way be barred by a stream they cross it 
in the same way as Ecitons (forming a living 
bridge), whereas they have to swim over large 
rivers. Nearly a hundred years ago a vast swarm 
of locust larvae crossed the Dnieper River in a 
column which measured ten kilometres in fron- 
tage. The larvae plunged into the river all at 
once. Millions of them were drowned but others 
leaped over their bodies like on a pontoon bridge. 
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While travelling, the larvae grow up, molt and 
develop into winged imagoes. As soon as they 
have acquired wings, they immediately become 
airborne and fly in a formidable swarm to dis- 
tant lands. Sometimes they rise above clouds but 
usually they travel at a lower height. The top 
speed when the air is still is fifteen to sixteen 
kilometres an hour. But when a fair wind is 
blowing, no runner will be fast enough to catch 
up with them. Once they flew almost a thousand 
kilometres—from southern Morocco to Portu- 
gal—at a cruising speed of forty kilometres an 
hour. This was a non-stop flight. 

It has been estimated that every hour of its 
flight a locust burns in its muscular “machine” 
twenty milligrams of “fuel”, mostly fat. The 
latter’s reserves are as large as to enable the in- 
sect to fly without a rest and “refuelling” for 
twenty hours (if the weather is not very 
cold). 

In the numerous family of field crickets, which 
are near relatives of the common grasshopper, 
only seven species undertake journeys to far-away 
lands. They are all called locusts although they 
are dissimiJar in certain respects and even be- 
long to different zoological genera. 

The Asiatic locusts devastate fields and mea- 
dows not only in Asia but also in Southern Euro- 
pe, Africa, Australia, and New Zealand. They 
have more than once made destructive raids on 
Europe and reached as far as the Shetland Is- 
lands. 

The Moroccan locusts do not fly so far. They 
breed in the hilly regions of the Mediterranean co- 
untries; they have been found at times from the 
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Canary Islands and Morocco in the west'to as 
far as the Central Asian Republics in the 
east. 

Desert locusts live north and south of the Sa- 
hara, as well as in Arabia, Iraq, Iran and north 
West India. They ar& famous for their trans- 
Atlantic flights: once a swarm of desert locusts 
was seen half-way between North America and 
Africa, about fourteen hundred miles from the 
nearest African coast. Desert locusts also under- 
take regular seasonal migrations. In winter they 
multiply north of the Sahara, and then fly to the 
tropics. In summer they breed in. the savannas 
girdling the great desert on the south and in 
autumn again migrate to the north. 

Until recently the Rocky Mountain locusts 
caused great damage to agriculture in the United 
States, but today they have almost been forgotten 
since no one has seen them there for a long time. 

There are another two locust species which de- 
vastate the prairies of South Africa, and one des- 
tructive species in South America, but they are 
little known so far. 


CANNONS VERSUS LOCUSTS 


Uvarov’s “Phase theory” was first put for- 
ward in a definite form in 1921. It gave entomo- 
logists a powerful weapon with which they hope 
to wipe out locusts in the near future. It also 
marked the beginning of a new trend in the study 
of relationships between the organism and the 
environment and other organisms. These stu-. 
dies culminated in the discovery of an amazing 
phenomenon, which was later called “a phase 
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effect”. There is a tremendous number of studies 
on the “phase theory”.* 

After thorough observations, experiments and 
doubts, Uvarcv drew the conclusion that the 
two species—the migratory locust Locusta mi- 
gratoria and a solitary grasshopper Locusta da- 
nica—differed in name only. True, they have 
substantial differences in habits and instincts, 
but these differences are, as a matter of fact, 
acquired rather than congenital. For their origin 
and hereditary characters, as expressed in their 
chromosomes, these insects are not only closely 
related but even inseparable. In short, Locusta 
migratoria and Locusta danica belong to one 
and the same species. Are they locusts or grass- 
hoppers after all? you may ask. The answer de- 
pends on the conditions in which their larvae 
will grow. 

Let us divide the eggs laid by the Migratory 
locust into two groups. If the larvae which will 
hatch from one of them live together in a crow- 
ded colony confined to a small area of ground, 
they. will develop into typical migratory locusts. 

If, however, the eggs and larvae are allowed 
to develop in isolation, they will grow into grass- 
hoppers. The latter will differ from their blood 
sisters and brothers not only in having sedentary 
habits but also in colour (gentle green in grass- 
hoppers as distinct from brown in locusts), and 
have shorter wings, while their legs, head and 
abdomen are of somewhat different proportions. 


* The associated and solitary phases or forms have 
now been studied not only in locusts but also in butter- 
flies, for example, the Silver-Y moth. 
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Locusts, the eighth urge of Egypt, are flying in a 
dark cloud over the savannah 


A locust 


The dark, or associated, phase (i.e. migratory 
locusts) may change into the sedentary phase 
under the influence of environmental conditions. 
And conversely, where solitary grasshoppers mul- 
tiply in excessive numbers, their progeny sudd- 
enly display all the familiar locust characters 
and, later, migratory habits (swarms of solitary 
grasshoppers are also known to migrate someti- 
mes, but they have never been so destructive 
as their brown relatives). 

It has been found that all locust species have 
their antipodes in nature, i.e. solitary grasshop- 
pers, many of which were earlier described by 
different names, like the grasshopper Lacusta 
danica. It means that we shall never he able to 
wipe out all locusts on our planet until we have 
got rid of their potential breeders, to wit, the 
common grasshoppers. And conversely, the des- 
tructive swarms of locusts may be rendered harm- 
less by breaking them up into smaller flocks dis- 
persed through steppes and deserts. Then lo- 
custs will be unable to lay their eggs so compact- 
ly, like cells in a honeycomb. The larvae will 
have ample space to live in, lose their gregarious 
instincts and develop into solitary grasshoppers, 
which are innocent insects compared with locusts. 

It is supposed that anti-aircraft artillery and 
ground-to-air missiles will be the most effective 
weapons for fighting the “eighth plague of 
Egypt”. They will help to disperse vast locust 
swarms. When the disarmament agreement is 
signed and rockets and cannons are brought 
from war bases to scrap metal dumps and ento- 
mologic stations, it will be hard times for the 
locusts. 
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THEY CAME WITH MAN 


THE DEATH OF AN IMMIGRANT 


It is told that in 1766 the people of Paris were 
frightened by beetles. 

It was a pitch-dark night. Suddenly, a num- 
ber of bright starlets left the heavens and flew 
to the earth. They descended to the very roof- 
tops. Superstitious Parisians decided that these 
were ghosts visiting their city. But those who 
were sceptical about “ghosts” were worried by 
more realistic fears lest the flying lights should 
set the city on fire. 

All were soon reassured by scientists of the Bo- 
tanical Gardens who announced that these wan- 
dering stars were nothing else but beetles, Jarge 
tropical fireflies which were called “cucujos” in 
Cuba. No one, however, had any idea of how they 
got into Paris. 

A hundred years later, another exotic “spirit” 
gave rise to speculation and sensational news in 
the Paris press. A night watchman of the famous 
central market of Paris (Le Halle centrale) an- 
nounced publicly that once in the evening, when 
shoppers and salesmen had left the market, a 
long-beaked black spook leaped from under a 
counter and ran along the rows of stalls, squeal- 
ing strangely. 
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Everyone decided that the watchman had been 
drunk and had a visual hallucination. Why, in- 
deed, should a ghost visit a market? 

Yet it was there, writes Willy Ley who went 
into the details of this strange occurrence, and 
indeed, it was soon captured. The captive turned 
out to be a_ kiwi,: a wingless bird from.. 
New Zealand! 

What bad luck brought it to a marketplace in 
Paris? No one can explain it today, so many 
years later. But sometimes even fresh tracks do 
not make it easier to determine the routes by 
which animal immigrants reach their new home. 

In the Kew Gardens near London, for example, 
there are turbellarian worms which are not to 
be found anywhere else in the world. These gar- 
dens, however, are not their birthplace either. 
Once they found their way from the tropics into 
Britain, acclimatized there and started a new 
life. But wherefrom, when and how they came 
is not known to anyone. 

In the giant Palmenhaus outside Berlin many 
different tropical insects have naturalized also. 
Nobody has brought them there. They arrived 
as stowaways on exotic trees brought from South 
America, Asia and Africa. A tropical temperatu- 
re and humidity were maintained in the hot- 
houses round the year; therefore the arthropod 
insects were very well off. The German zoologists 
were also satisfied because they could carry out 
field tests obviating the need for tiresome jour- 
neys. The tropics were near at hand. 

In the large family of tropical ants, spiders, 
millipedes, and beetles there was an unusual 
creature which hovered from tree to tree at 
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Palmenhaus. It made it famous throughout the 
world. 

This was Phlugiola dahlemica, something like 
a grasshopper and a cricket at the same time, a 
miniature frail creature as long as a thumb’s 
nail, with slender antennae and legs and green 
in colour. 

No one had ever found Phlugiola males in 
Palmenhaus, but the females regularly laid their 
eggs in small heaps on foliage. 

Phlugiolas hunted aphids and scales, bitter 
enemies of plants; therefore, no guest could be 
more welcome at Palmenhaus. Many large volu- 
mes have been devoted to Phlugiolas by German 
entomologists. They thoroughly studied their 
biology, physiology and ecology. There was only 
one thing they did not know. wherefrom these use- 
ful immigrants came to Germany. One could not 
do more than guess their homeland: a cricket 
looking like a Phlugiola had once been caught in 
South America. It was inferred from this fact 
that this country was probably their home. 

Today only memories have remained of these 
creatures, since all of them died in 1944 when 
Palmenhaus was destroyed in an air raid, and 
the cold northern air which entered the hot- 
houses through broken glass panes killed all of 
their tropical inhabitants. 


TRIUMPHANT CONQUESTS BY PHYLLOXERA 
AND CHINESE CRABS 


So Phlugiolas were dead, but many other self- 
invited guests from far-away lands came to live 
in Europe. 
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The history of their succsssful migrations has 
been studied in detail. 

The most objectionsble of these immigrants is 
the Phylloxera. 

In 1853, the American scientist Asa Fitch 
caught a small insect? on the leaves of a grape- 
vine. It was a vine-louse of an unknown species, 
which had not yet been listed in any scientific 
classification. Dr. Fitch named it Pemphygus 
vitifolii. This ought to have been its name, were 
it not for an exception likely to be encountered 
sven in the strict rules of priority existing in 
zoology. For no particular reason pemphygus 
came to be known under another name—Phyl- 
loxera vastatrix—given it in France instead of its 
lawful name (incidentally, the phylloxera has 
two other scientific names by which zoologists 
call it in Britain and Germany). 

In 1868, the phylloxera suddenly made its 
appearance in France near Avignon and began 
to destroy the famous vineyards of this country 
one after another. The vine-fretter settled on 
grapevine roots, sucked out their sap and caused 
the vines to wither. Within a short space of time, 
the phylloxera destroyed vineyards on an area 
of two and a half million acres in France. Wi- 
nemakers had to export grapes from abroad to 
be able to meet their engagements under con- 
tracts with wholesale dealers. When in 1900 
French government officials estimated the dama- 
ge caused by the phylloxera to vineyards, their 
indictment pointed out a tremendous sum of ten 
thousand million golden francs. Meanwhile, the 
terrible lice continued their destructive raid 
through Europe, leaving devastation and ruin 
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in their wake. In 1869, they were already at 
work in the environs of Geneva. From there they 
moved down the Rhine and soon devastated the 
vineyards around Bonn. Next they visited Aus- 
tria and firmly settled there. 

In 1880, these vine-fretters were found in the 
Crimea, and a year later in Sukhumi in the Cau- 
casus, then in the valley of the Kuban River, in 
Bessarabia, and, finally, near Tashkent in Uz- 
bekistan. A nation-wide alarm was raised thro- 
ughout the country. Parties of volunteers—stu- 
dents and schoolchildren—went to fight the phy- 
lloxera. They put vitriol into soil and poured 
water on grapevine roots in order to drown the 
pest. 

By that time, a more effective remedy had been 
invented in America. The entomologist C. V. 
Riley found that the American phylloxera had 
a formidable enemy—small ticks which gobbled 
them up by the thousands. He proposed that 
these ticks be brought to Europe and released in 
vineyards. His advice was duly followed and 
brought a success. This was the first test of a 
biological method of agricultural pest control in 
history. 

Riley also established that the American gra- 
pe varieties were more resistant to the phyllo- 
xera than those of Europe. Winegrowers began 
to export vines from America and use them as 
stock plants on which to graft local varieties, 
i.e. European vines were grafted onto American 
roots and the situation was saved. Now the dan- 
ger of vine phylloxera is by far not so great as 
it was in the early years of its devastating con- 
quest. 
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Hardly had the biologists rebuffed the phyllo- 
xera when another disaster fell upon Europe: 
the Chinese crabs threatened to deprive fisher- 
men of their small incomes. 

Their birthplace is in the China Sea where they 
live near the coasts atid river mouths. They are 
known to ascend rivers thousands of miles up- 
stream. As we know already this crab is a cata- 
drome capable of living both in sea and fresh wa- 
ter. It is not larger than the little finger, while 
its claws with their thick growth of long brown 
“hairs”, particularly in males, seem to be pla- 
ced in muffs for warmth. It is to these that it 
owes its name of “hair-legged” crab. 

The date of its appearance in Europe, Septem- 
ber 29, 1912, is well remembered by biologists. 
On this day, German fishermen caught a small 
Chinese crab in the Aller River, a tributary of 
the Weser, and examined it in surprise. Two 
years later, another Chinese crab was caught in 
a fishing net in the mouth of the Elba. 

Within twenty years, the Chinese crabs ex- 
panded their territory by four hundred kilome- 
tres to the west of the Weser River and by nine 
hundred kilometres to the east. They settled in 
multitudes in the Weser, Elba, Rhine, and Oder. 
At that time the shallows of the Northern Sea 
were literally swarmed with these crabs. Millions 
of crabs invading the continent were destroyed 
on river dams. 

It is not clear why the Chinese crabs disliked 
the Elba itself, but crowded its tributaries in 
mammoth swarms. In the Havel, a rivulet -flow- 
ing through the outskirts of Berlin’s suburbs, 
about fifteen tons of adult and young crabs 
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were caught each day and used as fert- 
ilizer. 

Newspapers in all countries abutting on the 
Northern and Baltic Seas, from Belgium to Fin- 
land, were furious against these uninvited im- 
migrants. The crabs caused a lot of damage to 
fishing. They dexteriously stole bait and fish 
caught in fishing-nets, and even often tore the 
latter. Their countless holes undermined dams 
and dykes. No one knew how to fight them. 

Nor did anyone know how they had found 
their way to Europe. Perhaps they had been 
brought in ballast water cisterns on ships, but one 
could not ‘say that with certainty. 


THE BREATH-TAKING CAREER 
OF THE COLORADO BEETLE 


This inconspicuous beetle lived a quiet and 
peaceful life on the eastern slopes of the Rocky 
Mountains in the west of the United States. It 
lazily chewed the local grass—Colorado night- 
shade. It did not, of course, expect that one day 
its name would terrorize even the world’s great- 
est countries. 

It was not the beetle that came to man. Man 
came to the beetle. Spreading toward the west, 
the American civilization reached the Rocky 
Mountains. Pioneer farmers began to cultivate 
potatoes there. In the opinion of botanists, po- 
tatoes differ but little from nightshade plants. 
The beetles, says Willy Ley, agreed with this, 
too. Moreover, they even found potato leaves 
to be more delicious than those of wild night- 
shade and began to eat them with gusto. 
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The Colorado beetles have another weakness— 
an extraordinary love for their young. As soon 
as potatoes put forth green sprouts in spring, the 
the beetles wake up from their winter dormancy 
and fall upon the young leafage. The females 
waste no time, laying yellow eggs on the leaves 
which have so far been spared. Fach of them lays 
about seven hundred eggs, which hatch into lar- 
vae. The latter also feed on leaves and quickly 
develop into beetles, which start breeding again. 
Within one summer season, three generations of 
Colorado beetles come into being, so that by 
the autumn about eighty million voracious des- 
cendants will have been left by every female. 

It is clear that however hard potato growers 
might work they would never be able to satisfy the 
beetles. Colorado soon became too small for them, 
and they got under way to the east. In 1860, 
the striped beetles were already feasting on pota- 
to fields in the State of Nebraska (Omaha). Five 
years later, they crossed the Mississippi River 
and plunged the farmers of Illinois, Ohio and 
Pennsylvania into despair. In 1871, the beetles 
came to the shores of the Atlantic Ocean. 

In 1876, German peasants caught some un- 
known beetles in their vegetable gardens. They 
had on their yellow backs ten lengthwise stripes 
like those on a water-melon. The peasants bro- 
ught them to a nearby forestry. Similar “speci- 
mens” were soon received by German Universi- 
ties. It was easy for specialists to recognize the 
new enemy of European agriculture. Alarm, if 
not panic, filled the hearts of all people who rea- 
lized the danger of this pest brought from be- 
yond the ocean. The phylloxera had hardly been 


185 


curbed when another, even more terrible enemy 
made its appearance. Indeed, one can do without 
wine sure enough, but not without potatoes. 

Urgent measures were necessary, and they we- 
re taken without delay. The Reichstag imposed 
a ban on potato imports from America. The 
French Government also issued a similar law al- 
though no striped beetle had yet been found in Fran- 
ce. The Germans threw troops into action against 
the beetles. Thousands of infantrymen and sap- 
pers digged deep trenches around infested fields. 
The fields devastated by beetles were sprayed 
with oil and set on fire. The chemists tested pois- 
ons on captive beetles in order to find an effec- 
tive remedy against them. 

Next year the fields were left untilled. Only a 
few beds were planted to potatoes to attract the 
surviving beetles. The beds were examined every 
day. And when, after a year, none of the beetles 
had been found on the “baits”, it was decided 
that the battle was won. 

But the beetles were not taken aback. They 
went underground, as it were, and, having gai- 
ned strength eight years later, again attacked 
the potato fields. The Army resumed hostilities 
against them and checked their onslaught. 

But not for long, however. This was an uneasy 
respite rather than victory. In 1914, the Colo- 
rado beetles again invaded the potato fields. 

If other countries had followed the example 
of Germany and France and prohibited potato 
imports from America, Europe would have pos- 
sibly got rid of this striped pest for good. But 
the appeal of the French and German govern- 
ments was a voice in the wilderness. Indeed, 
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the beetles had no respect for state frontiers and 
measures for their control taken by only two 
nations proved a failure. What with the war 
that broke out at that time, the soldiers had more 
important duties to attend to. 

When the war had* ended and the American 
troops and transports had sailed home, the French 
peasants were terrified to see the striped glut- 
tons reappear in their fields. It is supposed 
that they had been brought to France by the 
Americans with their provisions and equipment. 

The methods for fighting the beetles tested in 
Germany a few years earlier were improved by 
the French. Troops sprayed infested fields with 
chemical poisons, and burned them down with 
flame-throwers which were by no means in short 
supply. 

But all was in vain. Destruction of the beet- 
les had been delayed by the war and now they 
had invaded such a large territory that it was 
beyond human powers to drive them out. At 
the end of 1930 the beetles were already ravag- 
ing potato fields in eighteen out of the eighty- 
three departments of France. Next summer, a 
strong gale from the ocean carried the beetles one 
hundred and fifty miles to the east, and they 
settled in another fourteen departments. 

In 1933, the French Ministry of Agriculture 
officially notified the governments of the neigh- 
bouring countries that the Colorado beetles were 
advancing over a wide area to the borders of 
France and that no means were available to keep 
them in check. The Belgians should expect the 
invasion in an area of forty kilometres along 
the border, the Swiss, in an area of sixty kilo- 


187 


metres and the Germans, in an area of two hun- 
dred and fifty kilometres. 

Customs officers were carefully inspecting in- 
going trains, particularly goods trains. in search 
of the beetles. 

But the latter usually rode a vehicle inacces- 
sible to customs inspection—the wind, which 
carried them across the border. This does not 
mean, however, that they may not travel by 
rail, particularly from far-away countries. It 
was established, for example, that one of the 
foci of invasion by Colorado beetles in Poland 
had sprung up in this way. Many trainloads of 
cattle arrived from France at the railway junc- 
tion at Denblin in 1943. Local peasants took 
manure from the wagons to fertilize their fields. 
One female beetle hidden in the manure escaped 
everyone’s notice. She wintered in a field, and 
next summer her voracious progeny invaded all 
neighbouring vegetable gardens within a radius 
of two kilometres. 

Meanwhile, the beetles continued their con- 
quests. In 1933 they negotiated the English 
Channel and made their appearance in Britain. 
Three years later, they were already playing 
havoc with the fields of Belgium, the Nether- 
lands, and Switzerland. Their greed drove them 
further to Eastern Europe—Czechoslovakia, Po- 
land and Hungary. In May, 1956, an internation- 
al conference on Colorado beetle control was 
held in Moscow. The delegates drew up a joint 
program for fighting this pest. For the first time 
in the history of struggle in defence of potatoes 
the countries concerned took jointly co-ordinated 
measures against the Colorado beetle. These 
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efforts proved so effective that potato harvest 
were now “safely protected against damage by 
the Colorado beetle”, as it was stated in one of 
the resolutions of this conference. 
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EXCEPTION IN EUROPE, RULE 
IN AMERICA 


European immigrants brought to America do- 
mestic animals from their home countries. They 
also brought along flowers and fruit trees—to- 
gether with soil and earthworms. The latter 
survived the voyage across the ocean and mul- 
tiplied in the new environment. Few people 
know that the majority of earthworms in north- 
eastern America are immigrants from Europe. 
All local worms perished long ago, in the glacial 
period. When the glaciers had retreated, the 
worms, little by little, began to worm their 
way from the southern states northwards. And 
since they were very slow travellers, they were 
outstripped by European worms which had board- 
ed the same ships as the people who rushed to 
the New World after Columbus. 

In North America even the mantis (Mantis 
religiosa) is not an aborigine: it was imported 
from Europe with flowers, while the honey-bees 
were brought from Britain in 1638. 

Most of the grasses and flowers growing on the 
roadside, for example, dandelions or plan- 
tains— “footprints of the pale-face”, as they were 
called by the Indians— are not native to America. 
Their seeds were brought on jackboot soles by 
the Dutch, French, English, German.and other 
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Europeans who had at different times sailed 
beyond the ocean in quest of a better fate. 

Before World War II, specialists of the Smith- 
sonian Institution counted the number of plants 
which had migrated from Europe to America. 
The sum total was fairly large—more than a 
thousand species. Of this number, however, use- 
ful plants hardly accounted for ten per cent, 
the rest falling to the share of weeds. 

With birds and hoofed animals America had 
better luck. Before Columbus, domestic animals 
were, in effect, non-existent there. At any rate, 
they were as few as to he counted on one’s fing- 
ers. These were the draught-dogs of Alaska, the 
llama (used as a beast of burden), the alpaca 
(sheared for wool), the turkey (used for food), 
the hairless dogs (also used for fuod), and the 
guinea pig (home pet). 

The “ksoloitsquintli” dogs were very curious 
beasts. Since their name probably means noth- 
ing to many readers a few words about them 
will be appropriate. 

In the villages of the Aztecs, the ancient in- 
habitants of Mexico, there lived many breeds 
of edible dogs. They were almost naked of hair, 
and only some of them had a sparse tuft bristling 
from the head or the tip of the tail. All were 
fat like pigs. The “ksoloitsquintli” and “itsquin- 
tepotsotli” dogs were the most favourite breeds 
with Aztec gastronomers. The former are also 
famous as the likely ancesters of the modern 
hairless dogs which are still to be found in out- 
of-the-way hamlets of Mexico, Patagonia, South 
Africa and China. The Jatter have left no des- 
cendants. If things had taken a different turn, 
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however, we would have probably seen dogs 
looking like one-humped camels, since the “its- 
quintepotsotli” was a hump-backed dog. It stored 
excess fat on its back ina large hump from which 
protruded a short neck carrying a Small fierce- 
looking head. 

The Spanish settlers refused to eat these “back- 
ing pigs”. Therefore, on his second voyage to 
the shores of America, Columbus brought along 
eight real, “grunting”, pigs. It is from these 
that the lean Indian hogs are believed to have 
taken their origin. 

After the time of Columbus, other domestic 
animals were imported to America. Harmful 
animals were also brought, undeliberately tho- 
ugh. Some of them have hap a very interesting 
fate. 


HARMFUL RESULTS OF USEFUI. 
EXPERIMENTS 


Late in the past century, not only wine-making 
suffered severe damage in France; silkworm 
breeding fell into decay too. The silkworm was 
afflicted with a terrible disease called pebrine. 
France sustained heavy losses amonnting to more 
than a thousand million francs. While some 
scientists, the famous Louis Pasteur among them, 
were searching for a remedy against this disease, 
others were seeking a different solution to the 
problem by breeding more resistant silkworms 
which would be less susceptible to the micros- 
poridian protozoan responsible for pebrine. 

The French astronomer Leopold Trouvelot who 
worked at the Harvard Observatory in the Unit- 
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ed States took a fancy to silkworm breeding at 
his leisure time. He fixed upon European but- 
terflies whose larvae also spinned silk threads. 
By means of crossbreeding he hoped to evolve 
a new silkworm race. From France he brought 
a few caterpillars of the gypsy moth (Ocneria 
dispar), a bitter foe of plants, which threatens 
forests, too. The gypsy moths (which owe their 
Latin name to the drastic difference between 
the males and females) devour foliage almost 
on all trees and even fir and pine needles. After 
an invasion of forests in Moscow’s environs by 
large swarms of the gypsy moth the gardeners 
of the Moscow region have come to know them 
well enough. 

They also know the price of their voracity 
and perhaps better than did Trouvelot who was 
as careless as to let several caterpillars escape 
from his laboratory. This happened in Medford, 
Massachusetts, in- 1869. 

The nursery cage with gypsy moths stood on a 
window-sill in Trouvelot’s laboratory. A sudden 
gust of wind threw the door and window open, 
and carried several caterpillars into the garden. 
Trouvelot immediately called students for help. 
They thoroughly searched every corner of the 
garden for several days on end, but failed to 
find any of the fugitives. 

At first, no one was particularly worried about 
their escape. Indeed, what harm could a few 
tiny white caterpillars do in an alien country 
where unexpected dangers awaited them at every 
step. They were doomed, and no doubt about it. 

Yet never they died, and twenty years later, 
in 1869, the small town from which the worms 
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A swarm of locusts over a tropical forest 


The Egyptian digger wasp, the tireless killer of voracious 
grasshoppers. Females of these wasps follow locust 
Swarms everywhere 


Legendary Colorado beetles 


Passing water through its siphon (tube above the horns) 
the snail is avidly catching delicious smells 


had made a getaway experienced all the horrors 
of their invasion. These were real horrors, to be 
sure, small as the invaders might have been. 

The fantastic swarms of caterpillars stripped 
the neighbouring woods of their leafage and fell 
upon the town’s orch&rds and parks. In less time 
than it takes to tell they nibbled away all foli- 
age and turned the trees into stark skeletons in 
the midst of summer. The black branches look- 
ing like human arms thrown up in despair were 
marred by the ugly scabs of their rustling swarms, 
every inch of the fences, pavements and house 
walls being buried under a layer of writhing 
caterpillars. They crawled into houses, grain 
bins, wardrobes, beds and on tables. One could 
not take a_ step without stamping on a cater- 
pillar. Millions of them were crushed by the 
feet of pedestrians and carriage wheels. An acrid 
stench rose from the ground strewn with their 
rotten bodies. At night people were disturbed 
in their sleep by the sounds of their “munching”; 
it is told that on a quiet night one could hear 
the caterpillars busily gnawing away what had 
remained of the town’s greenery, their excre- 
ments falling from trees like drops of a driz- 
zling rain on the ground. 

The townspeople gave up their daily chores 
and all turned out into the streets to fight the 
invaders. They were scooped into heaps, buried 
in pits, sprinkled with kerosene and burned down. 

Old newspapers and old-timers of Massachus- 
etts in their reminiscences called this invasion a 
new plague of Egypt, this time sent by God 
to America. The caterpillars caused incalcul- 
able damage, and not only to orchards. They 
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spoiled very much linen hanging on clothes-lines. 
Believe it or not, but even the clock on the Town 
Hall was jammed by the omnipresent caterpil- 
lars and brought to a stop. For several days, 
until the avalanche of caterpillars had ebbed 
away, the townspeople had to wear suits and 
frocks soiled with sticky web all over. 

During the next ten years, the authorities of 
Massachusetts were waging a regular war against 
the silkworms. Although they had now infested 
an area of four hundred square miles it was to 
be hoped that all worms might be extermina- 
ted within the coming few years. But for an 
unknown reason all measures for the gypsy moth 
control were suddenly suspended in 1901. The 
caterpillars took advantage of this respite and 
widened their possessions ten times over: now 
four hundred thousand square miles of the finest 
land was under their sway. It was not before 
they trespassed on the territory of the neigh- 
bouring states, that someone had the wit to 
complain of their conduct to the United States 
Administration. The Congress set aside the re- 
quired funds, and the war against the gypsy 
moth flared up afresh. It was so skilfully waged 
that by joint efforts the voracious enemy was 
thrown back beyond the Hudson River, where 
the gypsy moth entrenched itself—‘“east of the 
Hudson valley”, to quote the press. There is 
little hope for its complete extermination, al- 
though the Americans have enlisted a vigorous 
ally for fighting this harmful pest. This is the 
green caterpillar hunter, a very beautiful beetle 
imported from abroad. In the daytime it lies 
in hiding under fallen leaves, and at night leaves 
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its shelter to range about the forest. It even 
climbs into the crowns of tall trees and hunts 
for caterpillars without mercy. Large parties of 
these beetles are now transported to regions where 
silkworms are getting out of hand. 

The Americans have already imported almost 
all natural enemies of the gypsy moth—about 
a hundred different species in all. 


A SNAIL MAY NOT BE SO SLOW 
AS IT LOOKS 


The last quarter of the 19th century was the 
period of a great migration of insects. At that 
time, many other pests crossed the ocean and 
devastated the conquered continents. It is un- 
necessary to tell about all of them, but mention 
is certainly deserved by the Californian scales 
(coccids) brought with ‘fruit trees from China 
to America and from the latter into Europe; 
the cottonball weevil which made its way from 
the tropics to North America and immediately 
reduced cotton harvests in Texas, Louisiana and 
Carolina to a point where they were only a 
fifth to a tenth of what they had been before. 
At that very time, the Japanese beetle was bro- 
ught to New Jersey and avidly fell to eating 
roses, dahlias, zinnias, raspberries, cherries, ap- 
ples, grapes, soya, maize, linden, maple, elm, 
willow and bay. 

A separate story is deserved by the agate snail, 
or Achatina, a giant of a snail which has broken 
records both for its size and the length of travel. 
Having started from East Africa it had travelled 
half-way round the world by 1950. 
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This is the second largest snail on earth, with 
a shell reaching twelve and body, twenty-two 
centimetres in length. Should a few such snails 
climb a tree branch, the latter will break. 

No one seems to know how they came to Mada- 
gascar. In 1803 they were found seven hundred 
miles away, on the Mascarene Islands. But they 
had not yet had time enough to raise a sizeable 
family and were captured but rarely. Therefore, 
the French Governor of the Reunion Island pre- 
ferred to import these snails from Madagascar. 
His wife. had tuberculosis and a snail soup was 
believed to be an effective cure for this disease. 

In 1847, Benson, who is known for his studies 
on mollusks, was so delighted to see these giant 
snails there that he decided to take several spe- 
cimens along with him to India. In Calcutta the 
snails fled from his room to the neighbouring 
forests, found a comfortable place to live in, 
multiplied and hit the road again. 

At the turn of the present century, they land- 
ed in Ceylon, and in 1928 were already nibbling 
young coachwoods in Malaya. No great harm 
is caused by adult snails. They are even useful 
since they feed on rotten plants and other foul 
refuse. Young snails, however, are destructive 
to banana plantations and other cultivated crops. 

Two years later, agate snails were already 
helping themselves in the orchards of Singapore. 
After another year they crossed the Chinese 
border, and in 1935 and 1936 one could see tree 
branches bending down under their burden in 
Jawa and Sumatra. Soon World War II broke out. 
The Japanese military lit on the idea that these 
giant snails might be an excellent food item for 
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their soldiers. The snails were brought to the 
Mariana Islands and released in the forests. So 
the snails ate the plants and were in turn eaten 
by the Japanese. When the Americans had land- 
ed there before the end of the war, the plantations 
in Saipan and Guam Were literally teeming with 
these soft-fleshed Goliaths. They were also nu- 
merous on other islands of the Pacific, for exam- 
ple, on Hawaii. 

Therefore, people in the know were not par- 
ticularly surprised to hear the news of giant 
snails amusing crowds of onlookers in the or- 
chards of San Pedro, California. Thus, after 
crossing another ocean, the agate snails started 
on their great drive to the east through the tracts 
of the American continent. The future will show 
whether they have enough endurance and in 
which African country they will complete their 
round-the-world trip. 

The snail is the symbol of a slow craw]. Their 
sluggishness, however, seems to have never dis- 
couraged them from travelling to distant lands. 
Much could be told here about the wanderings 
of various snails around the world, the bulimus 
snail, for example, which had begun its,trek in 
Europe and in forty-eight years chewed its way 
across the entire American continent, coming 
to the Pacific coast in the state of Washington, 
or the Spanish and French edible snails which 
are now quite common in many states of North 
America. At least forty-five species and varieties 
of migrant snails have been estimated to live 
in that country today. When and how they came, 
nobody knows. So much for the insects and mol- 
lusks. Now let us talk about larger creatures. 
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HOW LARGE IS THE SPARROW WORLD? 


Immigrants from Europe brought to America 
not only roses but also birds of their native 
lands. In 1890, couples of rooks successfully 
sailed across the Atlantic and were released in 
New York’s parks. Their descendants now live 
in Canada and almost in all corners of the United 
States. Only the westernmost states are still 
waiting for them. Rooks gobble up a great numb- 
er of Japanese beetles and other pests. 

Along with other thirteen bird species they 
have acclimatized in Australia and New Zeal- 
and. In fact, these birds are welcome guests 
everywhere. 

Everyone was sorry, however, that the sparrows 
had been allowed to spread throughout the 
world. 

In 1852, several sparrow couples were released 
in New York, and made the city their breeding 
place. From there they dispersed in all direc- 
tions and svon settled in all parts of the New 
World, as though the latter had been specially 
discovered for them. They invariably followed 
in the footsteps of man but were particularly 
attached to horses because horse dung contained 
indigested oat grains—their favourite food. The 
horses, however, were fighting a losing battle 
against machines, and when the latter had got 
the upper hand, the sparrow population dimin- 
ished everywhere. 

Today sparrows live in all parts of Canada, 
the United States, Mexico, Cuba, the Bermudas, 
Brazil, the Argentine, Uruguay and Paraguay. 

Many sparrows live in North and South Africa 
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(where they were also brought by someone for 
an unknown reason), on the Mascarene and Co- 
moro Islands, in New Zealand and _ Australia, 
Arabia, India, the Philippines and the Hawaiian 
Islands. 

Quite a few sparrows live in China, but they 
belong to another species— field sparrows (Spi- 
zella pusilla). It is the house sparrow (Passir 
domesticus) that is being discussed here. Both 
of these species live in Russia, too. 

According to estimates by American ornitho- 
logists at least one hundred and fifty million 
sparrows live in the United States today—a 
sparrow to almost every American. 

The sparrow population of Europe and Africa 
is hardly smaller. Assuming that the same numb- 
er of sparrows live in Siberia, China, Australia 
and India respectively, the sparrow world must 
have a population of at least one thousand million. 
This figure is more likely too low than too large. 

If the earth is really inhabited by one hundred 
thousand million various birds, as it appears 
from certain estimates, one out of every hundred 
birds is a sparrow. 

Rash migrations of animals from one country 
to another always threaten to entail most unex- 
pected and often highly dangerous perils for the 
inhabitants, forests and fields of their new home- 
land. Quite a few such examples are known in 
history. 

In 1788, the first settlers brought along five 
fluffy beasts to Australia. They were carefully 
looked after. Seventy years later a man was 
fined ten pounds sterling for shooting a rabbit 
in the estate of a certain Robertson. Several 
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years later the very same Robertson had to spend 
five thousand pounds sterling trying in vain to 
exterminate rabbits on his land. 

The rabbits have become a nation-wide disast- 
er in Australia. They devastate that country, 
ravaging its fields and meadows. The Austra- 
lians are waging a veritable war against the rab- 
bits in which aircraft, war gases, and troops 
are used. But the rabbits stand their ground and 
have only been pressed back a little into the 
desert hinterland and are kept away by means 
of a “Great Chinese Wall” of the latest design— 
intricate barbed wire entanglements which stretch 
for thousands of miles through the eastern and 
southeastern regions of the continent (seven thou- 
sand miles in Queensland alone). 

Each year Australia exports seventy million 
rabbit skins and about sixteen million quick- 
frozen rabbit carcasses. But this seems to have 
caused no reduction in the rabbit population. 

Aud small wonder: the rabbits are extremely 
fecund. A ewe may bear one or two lambs in 
a year, two to four Jambs in two years, whereas - 
a rabbit female brings forth one hundred and 
thirty babies in a year and may have as many 
as 5,088 descendants in two years. The amount 
of grass eaten by this voracious horde of ro- 
dents* would be enough for a sheep flock of 
one thousand head. 

* Many zoologists strongly object to the rabbit being 
classified as a podetit: In recent years, systematists have 
grouped all hares, rabbits and pikas into a special order, 
Lagomorpha. In respect of certain characteristics im- 
portant for a zoologic classification, the hares have tur- 
ned out to be closer to the ungulates rather than to the 
true rodents: squirrels, mice and rats. 
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But perhaps no animal in the world is so des- 
tructive to green grasses and trees and eats them 
so rapidly as the goat. Where large herds of 
goats graze for a long time, the forests die out 
and all kinds of vegetation vanish from the face 
of the earth, and a flowering land is turned into 
desert. The goats have wiped out the forests 
of Northern Africa, Spain, Turkey, Syria, the 
Lebanon, Palestine and a host of other countries. 

The death of the forests sacrificed to the goat’s 
voracity is one of the most regretful events in 
the history of civilization. 


GOATS DEVOUR FORESTS 


“The goat is the most vicious enemy of man”> 
says Raymond Furon, member of the French 
Academy and a prominent student of the goat 
problem. This is an enemy in a friendly dis- 
guise and all the more dangerous for this reason. 

“The goats”, writes Furun, “not only nibble 
the grass but tear out its roots. They gnaw young 
sprouts of trees and shrubs and cause them to 
wither. 

“But this is not all. A goat can rise on its 
hind legs and reach the low branches and even 
manages to climb some trees. No slope, however 
steep, will discourage this unusually agile creat- 
ure. No sprout, even if hidden under a stone, 
will escape its notice.” 

But the goats not only leave nothing of green 
sprouts but, another biologist writes, they 
“literally dig into soi] to obtain seeds of grass 
and other plants which might have sprouted in 
the coming rain season.” 
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The soil laid bare by goats, particularly on 
mountain and hill slopes, is left unprotected and 
is eroded by sun heat and rains. 

The torrents, no longer resisted by trees and 
grasses, wash away the fertile layer of soil and 
carry it into rivers and seas. And what remains 
of the humus is swept away from formerly thriv- 
ing pastures by arid winds and dust storms. 
Cracks develop in the soil, ravines corrode the 
hill-sides like rust and soon the farmers amazed 
by the rapid exhaustion of plough land are 
shaking their heads sadly, uttering the horrible 
word: “erosion”. 

Erosion eats away the plateaus in Castilla. 
It has turned the slopes of the Atlas Mountains 
into wasteland. A cedar is now a rare tree in 
Morocco. And where are the cedar groves of the 
Lebanon in which King Solomon’s slaves. fell 
trees for the Jerusalem Temple? They are non- 
existent today. 

It is the guilt of the goats. Two thousand years 
ago, before goat herds had been brought to Africa, 
and the Moroccans begun to cut down mimosa 
to feed their goats, the mountains of North 
Africa, as is evidenced by the Roman consul 
Svetonius Paullinus, were covered with luxu- 
riant forests. The climate was humid, and the 
soil fertile. The forests were inhabited by hears, 
deer and even elephants. No trace of them, how- 
ever, has remained today. 

True, it is hard to believe that the goats are 
the only culprifs to blame for that. 

Yet this is so, no doubt. Their guilt has been 
proved more than once. Here is another evidence 
against the goats collected by specialists of the 
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UNESCO and the International Union for the 
Protection of Nature. 

When the Portuguese had discovered St. He- 
lena Island in 1502, it was uninhabited and cov- 
ered with thick ebony forests. In 1513, goats 
were introduced to fhe island. Two centuries 
later they gnawed away the bark and branches 
of the last trees. Only memories have remained of 
the forests. In 1810, the British Governor of the 
island ordered to destroy all goats. But alas! It 
was too late: the last lumps of soil had been washed 
away from the naked mountain slopes into the 
sea, and nothing but “grim hard rock” were left. 

The Scotch seaman Alexander Seldkirk was 
marooned on one of the Juan Fernandez Islands. 
He is the supposed prototype of Robinson Crusoe 
whose adventures have been described by Daniel 
Defoe in a novel of the same name. A hundred 
years later, these islands were visited by Charles 
Darwin who admired the sandal trees abounding 
on the islands. 

Today all forests have been eaten by goats. 
They have survived only on small uninhabited 
islets. In 1952, the International Union for the 
Protection of Nature addressed the Chile Gov- 
ernment with a request to destroy all goats on 
the Juan Fernandez Archipelago: there was some 
hope that in this case young sandal sprouts 
would perhaps be able to grow there. 

Goats continue to destroy what has remained 
of the forests on Hawaii. They have become 
“such a troublesome pest there”, says Raymond 
Furon, “that from time to time they are round- 
ed up, driven to the shore, killed and thrown 
to the sharks”. 
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What is to be done? How to save from the 
goats forests and soil, which is also doomed when 
stripped of vegetation? 

Evidently, it is necessary to issue laws against 
goats, or rather against their owners. A goat 
kept on a tether is not dangerous. The menace 
comes from herds of goats roaming at large in 
thin forests without being looked after (or tended 
by shepherds little worried by their rapacity). 

It is against such selfish goat-breeders that 
the laws promulgated in many countries exposed 
to the goat menace are directed. It has become 
clear, however, that to pass such laws is much 
simpler than to enforce them. The goat owners 
took a joint stand against encroachments on their 
private property. Therefore, in spite of prohibit- 
ory legislation, large goat herds continue to 
destroy the last trees, including new plantings, 
in the Near East, North Africa and Madagascar. 
There are about half-a-million goats on Mada- 
gascar today—an unprecedentedly large number 
for such a comparatively small country: one goat 
to almost every mile of territory. The forests 
of Madagascar are dwindling in direct propor- 
tion to the growth of the goat herds and have 
already shrunk to one tenth of their initial area. 
There are no more green tracts to keep back the 
violent torrents rushing down mountain slopes 
into valleys after tropical rainstorms. Rain water 
sweeps away fertile soil unprotected by vegeta- 
tion and erodes the hill-sides. The fields give 
way to ravines and wasteland. 

Herds of goats have invaded the Sahara and 
the savannah south of that desert, which is 
now advancing into the depth of Africa at a 
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speed of one kilometre a year. During the past 
few centuries, a 300-kilometre-wide strip of the 
savannah has been buried under sand. 

Turkey has a fantastic herd of goats: sixty 
million bead. A goat to almost every hectare 
of land. Moreover, most of the herds are not 
properly tended and are at liberty to graze 
wherever they choose. In antique times, Asia 
Minor was a flowering country buried in groves 
and orchards (it is not for nothing that the writ- 
ers of the Bible have placed Paradise—the Garden 
of Eden—somewhere on its eastern outskirts). 
Today almost the whole of that region is a semi- 
desert. The goats, however, continue to prey 
on the last remains of greenery. It has been estim- 
ated that about three hundred thousand hectares 
of forestland is destroyed by goats in Turkey 
every year. 

In contrast, where anti-goat laws have been 
enforced by strong measures, the goat breeders 
have gained much more than they have lost. 

Take, for example, Cyprus, Venezuela, and 
New Zealand where the campaign for protect- 
ing fertile lands was waged under the slogan: 
“Even a single goat at large is a danger to the 
nation!” 

Now young groves grow in these countries 
again, wastelands are retreating, and the area 
of crop land shrinks no longer. 


INVERSE CONNECTION 


Nature is a highly complicated “superorgan- 
ism”. All of its elements, living and inanimate— 
soils, forests, beasts, birds and minerals—form 
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a unity, a complex of interacting and intercon- 
nected processes adapted to one another. They 
keep each other in balance as long as the system 
of their relations is undisturbed. That is why 
an ill-advised interference in the life of nature 
may set off a fatal chain reaction. It is enough 
to pick out a single brick from this delicate 
structure to cause it to collapse. In like manner, 
man without adequate knowledge of nature's 
architecture, yet trying to make his own cor- 
rections, often looks Jike a magician’s pupil who 
has unwittingly released an evil spirit and is 
unable to keep it in check. Suffice it to recall 
the ill-fated attempts to derive profits from rab- 
bit-breeding in Australia. 

Another example is the introduction of mon- 
goose to Jamaica. A hundred years ago these 
agile beasts were brought to the island to fight 
the rats which damaged the sugar cane planta- 
tions. Mongooses rapidly multiplied there, did 
away with rats in ten years and began to 
prey upon sucking-pigs, lambs, cats, capy- 
baras, lizards and birds. They threatened to ex- 
terminate most of the island fauna. These im- 
migrants which had been invited to kill rats 
proved to be by far more voracious than the lat- 
ter and soon became a veritable scourge of 
animal life on the island. 

The thoughtless destruction of predators is also 
likely to upset the balance in nature and does 
more damage than good. Therefore. in Africa 
the leopard and at places the crocodile are re- 
garded as useful animals and protected by the 
law. The leopards destroy many wild pigs and 
baboon monkeys raiding the crop fields, while 
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the crocodiles prey on half-dead fish, harmful 
crustaceans and insects, though unfortunately, 
as reported by African zoologists, they often 
attack people, too. 

Otters which catch a lot of sick fish eliminate 
infection from fish shoals. Paradoxical as it 
may seem, fish are more numerous in waters 
inhabited by otters, their bitter enemies. 

Charles Darwin once joked that owing to spin- 
sters Britons could still have their mutton chops. 
This was a meaningful joke. It is known that 
spinsters love cats, cats kill mice, mice kill 
bumble-bees (or rather destroy their nests). The 
bumble-bee is almost the sole pollinator of red 
clover which fails to grow where bumble-bees 
are absent.* And from clover it is a stone’s 
throw to sheep flocks and mutton chops. It means 
that where spinsters are many, cats are many, 
too, while mice are few, bumble-bees are many, 
clover yields bumper harvests, sheep are well- 
fed and mutton is plentiful. 

Life illustrates this biologic picture by a host 
of graphic examples. 

Clover was introduced to Australia and New 
Zealand to ensure adequate food supplies for 
their huge sheep flocks. But clover had been 
growing poorly until bumble-bees were import- 
ed from Europe. 

In order to increase the harvests of Mediterra- 


* The honey-bee has a short tongue only seven mil- 
limetres in length. It cannot reach the nectaries in red 
clover flowers and, therefore, usually avoids them. The 
pombe bee has a longer tongue measuring 9 to 20 mil- 

imetres. 
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nean figs in America, little fig wasps (Blasto- 
phaga grossorum), had to be bred there, and it 
was soon found that the figs depended on them 
for palatability. 

Sometimes the invisible biological ties extend 
in the most unpredictable ways from one creat- 
ure to another, from an animal to a plant, from 
a tree to the soil, from the soil to the clouds 
and back to the beast and flower. All things 
in nature are interconnected, and maintain a 
two-way exchange. Animals and plants remake 
the soils, minerals, the landscape, climate and 
atmosphere, while the atmosphere, climate and 
landscape influence animal life. 


WELCOME GUESTS 


The first welcome beast in Russia, which was 
enthusiasiically greeted by fur-hunters, was the 
muskrat. A native of North America, it is 
related to the fieid vole. 

American trappers catch more than ten mil- 
lion muskrats each year. Their fur is used for 
hats and fur-coats. The quality of musquash is 
highly appreciated in Russia today. Indeed, its 
muskrat population is now twice as large as that 
of America. Their dwelling area is also larger: 
muskrats live in rivers through the entire Euro- 
pean part of northern Russia, and almost in all 
parts of Siberia. Many of these animals live in 
Central Asia. They inhabit some districts of the 
Ukraine, the North Caucasus and Byelorussia. 

The first batch of muskrats were brought to 
Russia in 1928. They were released on the So- 
lovetsky Islands in the White Sea and Karagin- 
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A dramatic moment: an ichneumon finds a_ bark- 
beetle larva in a tree trunk and plunges its paralyzing 
sword—the ovipositor—into its body 


‘a 


A bee wolf carrying its trophy, a paralyzed bee, to its 
burrow 


Such tiny magnets were attached Lo pigeons’ wings to 
find out whether they take their bearings by the Earth’s 
magnetic pole 


sky Island near Kamchatka, and quickly adapt- 
od themselves to new environments. 

During the next five years another two and a 
half thousand muskrats were released at more 
than five hundred points in other regions of the 
Soviet Union. Since 1935 muskrats have been 
hunted as ganie. 

The nutria coypus were imported from South 
America a little later than the muskrats. The 
coypu is also a rodent feeding on marsh grass. 
But it is much larger than the muskrat and 
yields a more valuable fur. 

The new coypu-breeding trade was started in 
Kazakhstan, Turkmenia and the North Caucasus. 
The start however was ill-fated, and all animals 
died. They had apparently been killed by cold 
winters which clad the rivers in ice. 

In 1931, four hundred coypus were released 
into the rustling reed thickets on Lake Shilyan 
and Lake Karasu in Azerbaidjan. For ten years 
there was no news of their fate. Many of them 
were chased down by dogs and jackals. But a 
large number survived, and after the war about 
ten thousand coypus lived in the Shirvan steppe. 
In the late forties, the coypu became the prin- 
cipal commercial game in Azerbaidjan, account- 
ing for half the total cost of furs produced in 
the Republic. 

The nutria coypu has naturalized in the Gol- 
chis lowland, Georgia, and in the Araks river 
valley, Armenia. In 1949, coypus were settled 
on the banks of the Vakhsh River in Tadjik- 
istan. 

Ten years ago, many American minks, which 
are larger and have a more valuable fur than 
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their European relatives, were released in Si- 
beria, the Altai Mountains, Bashkiria and Trans- 
caucasia. In certain places they are now caught 
by trappers in fairly Jarge numbers. 

The raccoon and raccoon dog have also been 
introduced by man to new lands. The former 
was brought from America to the Caucasus, 
Central Asia and the Far East. The raccoon is 
said. to have adequately adapted itself to life 
in the Caucasus. As to its double—the Ussuri 
raccoon dog--it became the subject of heated 
debates. Many loud speeches were made to praise 
or denounce it. These quiet and good-natured 
beasts had been transferred from the Amur taiga 
to European Russia, as well as to the Caucasus, 
Central Asia and Western Siberia. In European 
Russia raccoon dogs have multiplied prodigious- 
ly. In the environs of Moscow, for example, a 
raccoon dog is now just as common as a fox. 
Isn’t it pleasant? Some hunters assert, however, 
that the Ussuri raccoons destroy a Jarge number 
of birds’ nests which they claim to be the cause 
of the reduction in the bird populatidn in Rus- 
sian forests. 

The guilt of the raccoon dogs has not yet been 
fully proved though. It is most likely that the 
hunters themselves are to blame for the growing 
scarcity of fauna: they seem to outnumber their 
game. 

But let us go back to the story of insects from 
which this chapter began. The idea advanced 
by Charles Riley who, you will recall, invited 
a tiny beetle to be his ally in fighting the phyl- 
loxera proved very fruitful. Soviet biologists 
also frequently and very successfully fight agri- 
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cultural pests with the assistance of the latter s 
natural enemies. 

The woolly apple aphid came to Russia from 
America as unbidden visitors. It destroyed quite 
a few top-grade apple-trees in the Crimea and 
the Caucasus. Its gofden days, however, ended 
in 1926 when Soviet agronomists brought tiny 
Aphelinus flies from Italy and released them in 
Azerbaidjan, the Crimea and in the environs 
of Krasnodar. Later they were introduced to 
Uzbekistan, too. Here they found their new 
home, and the woolly apple aphids, a formidable 
enemy. The Aphelinus flies prey on these plant- 
lice with extraordinary greed. 

The tiny Rodolia and Cryptolemus beetles 
brought to the Caucasus from Egypt are just as 
efficient in destroying the scale insects (coc- 
cids) injurious to citrus plants. But the trouble 
is that these powerful conquerors of scale in- 
sects are very susceptible to cold. They die en 
masse in cold winters. From time to time, these 
able helpers of citrus growers have to be import- 
ed from abroad. Cryptolemuses have of late been 
bred in laboratories and set free in spring. Flocks 
of released beetles settle on the leaves of tange- 
rine trees and immediately begin to dine on 
plant-lice and scale insects. 

The home country of the Lindorus beetle (Lin- 
dorus lophanthae) is Australia. When Europeans 
had settled in the vast expanses of the fifth 
continent, they had a good chance to appreciate 
the merits of this tiny ladybird beetle. 

Gardeners could not have dreamt of a more 
loyal ally. The fame of the Lindorus beetles 
spread throughout the world. Requests for them 
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soon came from California. A batch of beetles 
were packed into large boxes and shipped to 
America. They were released in orange groves 
and began to forage for plant-lice with the zeal 
characteristic of their genus. 

So spectacular was the success of their war 
against aphids that they were soon imported to 
Italy. 

In 1947, a couple of Lindorus beetles, a male 
and a female, were brought from Italy to the 
Soviet Union. They found their new: home to 
be such a comfortable place to live in that in 
a year's time their numbers grew to scores of 
thousands to the supreme delight of Adjarian 
fruit growers. Later they were introduced to 
Abkhazia, the environs of Sochi and in 1949 
to the Crimea. 

Many other useful insects, beasts, fishes, mol- 
lusks and shrimps have been naturalized by 
Soviet scientists in Russia’s forests, gardens and 
seas. 

It is impossible to tell about all of them here. 
The Nereis, however, deserves special mention. 

The Nereis is a large predacious worm occur- 
ring in many seas. In the Caspian Sea, however, 
such worms were absent. Although they are pre- 
dators themselves, they are preyed upon by 
various fishes. Where Nereis worms are many 
fish do not have to go hungry. 

The Caspian Sea is famous tor its abundant 
fish reserves. It was supposed that if Nereis 
worms were released into it, its fish population 
would grow still larger. 

This idea occurred to Lev Zenkevich, a prom- 
inent Soviet oceanologist well known for his 
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studies of the sea and marine animals. Follow- 
ing his advice, sixty thousand Nereis worms were 
transplanted from the Azov Sea into the Cas- 
pian. Within a quarter-century, the worms mult- 
iplied in their new environment and became so 
numerous that now sturgeons, Caspian sturge- 
ons (sevruga), giant sturgeons (beluga), breams, 
Caspian roach, and other fishes of commercial 
value depend on them for food. 

In this way, man with a good knowledge of 
nature can increase his food stores by skilful 
interference in the slow natural course of evo- 
lution. 


LIFE RETURNS TO KRAKATAO 


Nobody knew much about Krakatao. Neither 
had anyone explored nor taken an interest in 
this little island until it shook the world in 
1883. Since then its name has never been in 
oblivion. 

Krakatao is a very young volcanic island which 
emerged from the ocean bed in Sunda Strait 
between Java and Sumatra about ten thousand 
years ago. The two neighbouring islets—Lang 
and Verlaten—were also formed by underwater 
volcanic eruptions. 

Until 1883, Krakatao had been eight kilo- 
metres along and about five kilometres across. 
Three craters were faintly smoking over it. The 
tropical jungle ascended the slopes of the vol- 
canoes as far as their summits. It was inhabited 
by various birds and beasts. 

At one time Krakatao had a settlement of 
convicts and was occasionally visited by local 
fishermen. In 1883, however, no people were 
present there. 

On May 20, 1883, the people of Jakarta, then 
called Batavia, and Bogor, the largest cities on 
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the green island of Java, were frightened by a 
terrible thunder which shook the house walls. 
For many hours the peals of a strange cannonade 
kept roaring, and soon the skies were darkened 
by black clouds and the streets sprinkled with 
ashes. Seamen on the ships sailing past Kraka- 
tao saw a huge column of smoke rising above 
the island to an estimated height of ten kilo- 
metres. This was a volcanic eruption, and peo- 
ple were seized with alarm. 

On that night nobody slept a wink in the vic- 
inity of Krakatao, even three hundred miles 
away. But this had been no more than a small 
prelude to the terrible catastrophe which soon 
followed. 

On August 27 after daybreak four tremendous 
explosions shook the skies. Krakatao jumped up 
belched into the air four and a half cubic miles 
of earth and Java and plunged into the sea. Two 
thirds of its territory was flooded by the sea 
waves. 

The roar of the mortal agony of Krakatao 
was heard everywhere on Java, Sumatra, Borneo 
and: even on Celebes. No one, however, had any 
idea of what had happened. People in Macassar 
on Celebes supposed that a ship in distress was 
firing her guns asking for help. Two ships put 
to sea in search of her but, naturally, returned 
empty-handed. 

Farmers in the Australian plains were asking 
each other whether the Army had started milit- 
ary exercises. Others said that it was the roar 
from blasting operations in mountain rocks. 

Rocks were being blasted, indeed, though three 
thousand miles away from Australia. 
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On Rodriguez Island in the Indian Ocean, po- 
licemen wrote in their reports that they had 
heard signals of distress—reports of heavy guns 
—somewhere in the east. 

In Europe, however, scientists knew even be- 
fore newspaper reports arrived that a great ca- 
tastrophe had taken place in South Asia. On 
the evening of the same day, large fluctuations 
.of the atmospheric pressure were recorded by 
barographs in Russia, Germany and France. The 
air currents generated by the explosion of Kra- 
katao circled the globe many times over. Ba- 
rographs in the laboratories of Europe kept on 
recording them during a week after the cata- 
strophe. The ashes thrown up into the sky by 
the eruption littered an area of scores of square 
miles around Krakatao. So much earth had fal- 
len from the sky into the sea that in one day the 
Sunda Strait became shallow. In Batavia and 
Bogor it was so dark in the daytime that people 
had to light lamps. 

A ship lying at anchor on the roadstead in the 
harbour of Telukbetung* where the sky was also 
overcast by dark clouds had her deck covered 
with ashes which were piling up in a layer fif- 
teen centimetres thick every ten minutes. The 
crew were working like galley slaves throwing 
them overboard. 

While everyone was waiting hopefully for the 
end of the earthquake, another disaster came. 
It was the tsunami, a mammoth wave about 
twenty metres in height which came surging 


* A town in south-castern Sumatra, some eighty 
kilometres from Krakatao. 
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from the sea, lifted the ship on its foamy crest 
and gently lowered her into the tiough which 
followed it. 

Three other ships berthed at the pier of Te- 
lukbetung, however, were not so lucky. They 
were heaved by thé wave and cast ashore. 

The frigate Barrow was later found in the 
jungle ot Sumatra, two miles away from the 
pier. 

The gigantic waves sent out by the ex- 
plosion of Krakatao swept 163 villages and took 
a toll of 36,380 lives on Java and Sumatra. 
This was a terrible catastrophe, indeed. 

It goes without saying that the earthquake 
destroyed every living thing on Krakatao. The 
island was scorched by fire, torn asunder, swamp- 
ed by the sea in two thirds of its area, buried 
under lava and a layer of ashes. 

Even in the neighbouring islets of Lang and 
Verlaten no animals or plants survived. They 
were covered with a layer of ashes twenty to 
thirty metres thick. 

“No trace of greenery was left”, writes an 
eyewitness who visited Krakatao shortly after 
the eruption, “nothing but red-brown conglo- 
merations of lava and pumice-stone and moun- 
tains of ashes in which deep gorges were cut by 
rain torrents. The streams running down their 
slopes were clouded with hot steam as if the vol- 
canoes were still alive”. 

Ships steering toward Krakatao could hardly 
make their way through a layer of pumice-stone 
floating on the sea surface. Thousands of dead 
turtles were drifting on the waves. 

This was a sombre scene of total and terrible 
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destruction. But the stones had no sooner cooled 
than lifé returned to the island. The biologic 
reconquest of Krakatao is a striking and very 
illustrative phenomenon. Nature had never stag- 
ed a more significant experiment for zoogeogra- 
phers studying the laws of distribution ot ani- 
mals on Earth. 

Scientific expeditions were dispatched to the 
island one after another. Two months after the 
eruption, the island rocks were still smoking 
and very hot, and, naturally, lifeless. Half-a-year 
later, however, biologist Kotto found the first 
living creature on Krakatao. 

Who was it? Who was so brave as to settle in 
a land burnt down by Pluto? 

It was neither the mythical salamander able 
to live in fire, nor the heat-resistant bacteria 
living in the Earth’s entrails, but the common 
tiny spider, one of those which in the calm days 
of early autumn fly in the air on flimsy cob- 
webs like on air balloons. Ithad apparently come 
to this dead island on a cobweb, too, and was 
busily spinning its trapping web, evidently sure 
that flies would appear here soon. 

No other living thing was found by explorers 
on the island. 

In a year’s time, another expedition landed 
on Krakatao. As soon as they came ashore, they 
caught sight of some tiny bluish-green specks, 
the size of a coin, on charred stones and in small 
depressions filled with water. 

They were easily recognized by botanists as 
blue-green algae. These are very ancient and 
very primitive plants, which were among the 
pioneers of life on this planet and were the first 


218 


to have left the sea and begun to live on land 
some four hundred million years ago. Here 
they were pioneers again There was no doubt 
about the way they had gained access to the 
island: their microscopic spores had been bro- 
ught with the wind, and a few drops of moisture 
was enough for them to germinate. 

Reproducing, dying and decomposing, the 
blue-green algae filled many depressions in the 
rocks with their organic sediments, thereby pre- 
paring the soil for other, less hardy plants 
which soon appeared on Krakatao. In a little 
over a year, two varieties of cereals and moss were 
found here by botanists in addition to six spe- 
cies of blue-green algae. A little later young 
bushes and trees common to Indonesian forests 
(coconut palm and screw pine among them, of 
course), eleven fern species, and four species of 
flowering plants were already growing on Kra- 
katao. All were from the thistle family (Compo- 
sitae) whose seeds are airborne on what looks 
like tiny parachutes (just recall the dandelion). 
It was these vehicles that carried them over 
the sea. The seeds of bushes and palms had drifted 
to the island with the sea waves. Botanists found 
in the surf belt seeds of another six plant spe- 
cies which had been waiting for a good chance 
to land on shore and put forth their shoots there. 

Within six years of the eruption Krakatao was 
already a charming little island full of noise 
and activity. Butterflies and flies were hovering 
over flowers and grasses, beetles and bugs were 
lazily crawling amidst the tree foliage. These 
carefree creatures were trapped by vigilant spi- 
ders lying in ambush here and there. 
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Among this buzzing and chirring crowd there 
was a giant Varanus 01 monitor lizard, the 
first vertebrate animal to have set foot on Kra- 
katao—a veritable Gulliver among Lilliputians. 
He had probably come from Java on a drifting 
snag or swum across the sea on his own, since 
he is known to be an excellent swimmer. 

At that time, Krakatao was visited by the 
well-known Russian botanist Prof. Golenkin. He 
was accompanied by a Dutch tourist, who took 
a great fancy to botany and later wrote a cir- 
cumstantial book about the flora of Jaya. They 
found on the island another twenty green new- 
settlers, among them a sago palm, a metre and 
a half in height. Sago palms grow very slowly, 
so its height indicated that it had been there for 
a long time, most likely since the early years 
after the eruption. 

Krakatao was now clad in a green garb of 
vegetation stretching from the surf breakers to 
the mountain summits. All in all, 140 plant 
species had settled there in thirty odd years. 

The animal population was larger, comprising 
202 species. These were mainly winged insects, 
though ants, spiders, millipedes were also nu- 
merous, as well as two snail species, and two 
lizards: the small gecko and the giant Varanus 
monitor. 

No snake, tortoise or mammal (not even bats) 
had so far settled on Krakatao. 

In 1933, there were about a thousand species 
of various birds, arthropods and reptiles on Kra- 
katao (1,100 species according to other data). 

During the Second World War a curious inter- 
lude was played by the nature on Krakatao, a 


220 


small but very illustrative episode in the field 
of relationships between a predator and its prey. 

The rat population of the island suddenly ex- 
ploded and threatened to wipe out all plants 
and animals there. ; 

Fortunately for the’ island inhabitants, how- 
ever, an old heavy python once carelessly 
climbed a rotten tree growing at the very edge 
of the sea on Java; the tree broke under its 
weight and fell plump into the water. With the 
python clinging to it the tree drifted into the 
open sea and was soon washed ashore on the 
island which was literally swarming with rats. 
It was apparently a female, because Krakatao 
was soon creeping with young pythons. They 
ate all rats and began to starve. When they had 
become less numerous, the rats multiplied again 
and saved the pythons from extinction. Yet both 
the rats and pythons were now much less in 
number than before. A state of balance was 
then established between the predators and their 
prey, i.e. an optimum correlation between the 
numbers of both empirically found by nature. 

A crocodile which at that time settled on Kra- 
katao was less lucky than its legless relatives. 
It came too early when the island fauna was too 
scarce to satisfy its insatiable appetite. The cro- 
codile starved and could hardly move when it 
was found by a party of explorers. It was shot 
dead and its stomach was sliced open to reveal 
nothing but pumice-stones and sand, as well as 
claws of Varanus monitors it had eaten long 
ago. 

No more crocodiles have since been encount- 
ered on Krakatao. 
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The Iridomyrmex ants also failed to find good 
haunts and food on the island. They are known 
to dwell in the porous stems of the so-called 
myrmecophilous, i.e. ant, plants. The latter, 
however, were. still absent from Krakatao. Ho- 
meless and defenceless, the ants were aimlessly 
crawling over the trees. They had already begun 
to die out when in 1930 spores of myrmecophi- 
lous fern were brought by wind from Java. They 
rapidly threw out shoots and saved the Irido- 
myrmex ants from being starved to death. 

Dragonflies which occasionally straggled to 
Krakatao for a long time failed to find a good 
breeding place there. Their larvae are known 
to live in water, but no ample fresh-water reser- 
voirs were to be found on Krakatao. The drag- 
onflies were saved by a lucky chance: a large 
cistern with drinking water had been left on the 
island by one of the expeditions. The dragon- 
flies immediately turned it into a cradle for their 
young ones. Later the cistern was taken away, 
and dragonflies again became rare on the island. 

While these tides and ebbs of life were altern- 
ating on the island in a natura] sequence, another 
event of no small importance for Krakatao dist- 
urbed the calm waters not far from its coastal 
rocks. Krakatao became a father: its son had 
emerged from the sea. In 1927, an underwater 
eruption piled up a cone of lava in what had 
formerly been the centre of the island, now 
swamped by the sea. The cone rose ahove the 
water and formed an islet which was named 
Anak, the son of Krakatao. A few months later, 
however, the newly-born island was swept away 
by a fierce storm. After a year it rose from the 
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sea again, and another islet, Anak II, emerged 
by its side. Then both of them sunk into the sea 
and re-appeared again, now bearing the names 
of Anak III and Anak IV. The fourth islet began 
to grow rapidly. Now it is more than a mile 
in length. The eartlf on Anak IV has not yet 
cooled, but life is alreadly returning there. The 
Soviet cameraman Anatoly Popov has recently 
come home from Indonesia. The film he has 
shot on Krakatao shows crabs climbing the slopes 
of a still smoking volcano, flies trying to keep 
away from the heat, tender shoots put forth 
by coconuts washed by the sea to the foot of a 
fire-spitting mountain. 

An eagle was soaring over the newly-born 
island, then flew over what it thought was a 
cloud. That, however, was a mass of sulphuric 
vapours rising from the infernal abyss of a vol- 
cano bowl. The eagle flapped and folded its 
wings in agony and dropped dead like a stone 
right into the open crater filled with a boiling 
mass of molten rock. 

Anak is still hot and terrible. No one dares 
approach its flaming heart. The day is near, 
however, when life will re-conquer it. 


TRAILS OF SCENT 


PLANARIA TAKES A SMELL 


Since long ago man has been wondering about 
the inexplicable intuition of animals, their “su- 
pernatural” (as it seemed to many) instinct which 
helps them to find the right way unmistakably, 
to see the invisible and hear the inaudible. 

It was for science, however, to have its say, 
but for a long time it was unable to find a key 
to this riddle. And the mystery remained uns- 
olved. 

Therefore, superstition stepped in. Many abs- 
urd conjectures were made to explain’ this mys- 
terious, unaccountable and incomprehensible 
“sixth sense”, as it was customary to call the 
yet unriddled capacity of animals to orient them- 
selves unerringly in the surrounding world of 
objects. The study of the “sixth sense”, or rather 
the “sixth senses”, embraces a wide range of 
biological problems, from the simplest chemical 
reactions to such intricate mechanisms as natural 
sonars, echo sounders, radars, polaroids, physiol- 
ogical clocks, sun compasses, and the complicat- 
ed “choreographic” methods of transmitting in- 
formation by honey-bees. 


224 


Some twenty five years ago, even an assump- 
tion of such things being possible would have 
been despised as sheer fantasy. 

Nevertheless, they really exist, as has been 
proved by experiments on bats, fish, whales, 
insects, birds, rats, “monkeys and snakes made 
with the use of the most ingenious instruments 
which have revealed the existence of amazing, 
hitherto unknown organs of sense. 

Direction finding by means of the chemical 
sense is perhaps the simplest method of orienta- 
tion in space occurring in nature. 

Therefore, it is the first to be discussed in our 
story of how animals take their bearings. 

If we scoop up a little water from a river 
bottom, together with weeds and slime, we may 
see among the larvae of Caddis-flies, May-flies, 
dragonflies and other inhabitants of underwater 
debris a small flat worm with a rhomboid head. 
This is Planaria, a creature which recently prov- 
oked heated debates among scientists about its 
strange characteristics—inheritance of condition- 
ed reflexes by young planariae. 

Now you will learn how planariae search for 
ry Their skill as foragers has never been de- 
nied. 

A planaria slowly glides over the bottom along 
a straight course. Suddenly it senses the flavour 
of food brought by a stream of water. It waggles 
its head as though in doubt about this news and 
creeps further, drawing nearer and nearer to the 
savoury bit by a roundabout rather than straight 
route, continuously turning its head from side 
to side. If the flavour is to the right and its 
head is turned toward it, the worm’s olfactory 
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nerves receive a stronger stimulus than when 
its head is turned away. The worm heads in the 
direction where the flavour is stronger. 

Once again it waggles its head, takes another 
sample of water and turns its head toward the 
stronger flavour. And so it goes on like this 
until the spiral of its search brings it right to 
the point looked for. 

Certain marine snails chase their “game” in 
the same way though it is not the head but what 
looks like a siphon they turn from side to side. 
This is a special tube through which the snail 
draws water which inside its body is tasted by 
the olfactory organs to determine which of its 
portions contains more substance relished by 
mollusks and which way the snail should 
follow. 

Of course, in the planaria and snails chemical 
orientation is very primitive. In the bees and 
ants, however, it is more elaborate. 

Odours play an important role in the life of 
a bee-hive. They too help its inhabitants to in- 
terpret the bee dance, which will be described 
later. . 

But this is not all: with the aid of their sense 
of smell the bees can even plan their flight routes. 
This is how they do it. Every bee has a small 
pouch packed with scent-glands at the end of 
the abdomen. The pouch is normally closed so 
that the scent is tightly shut in like an evil 
jinn in a bottle. While approaching a flower 
rich in nectar a bee opens its pouch and leaves 
an odourous trail, inviting other bees of its hive 
to follow it. 
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ROAD SIGNS OF ODOUR 


Ants also mark their paths. In their nomadic 
life this is one o1 the principal means by which 
they find the right way to follow. 

Like Tom Thumb from the well-known fair- 
ytale the ants also leave road signs on their 
trails, not white pebbles, though, but drops of 
smelly fluid. 

This fluid is not their acid, as it is commonly 
holieved: the ants have a variety of glands secret- 
ing substances serving as chemical labels by 
which they recognize members of their own com- 
munity. 

An ant marking its trail presses its abdomen 
ugainst the ground, leaving spots or smell at 
short intervals. Other ants, however, do not 
necessarily strictly follow its trail and sometimes, 
like good bloodhounds, keep to the roadside: 
the smell is strong enough for them. Having 
lost their way, they run about in circles until 
they get on the trail again. Ant paths may stretch 
for scores of metres. 

There is a simple experiment to prove that 
nnts really mark their trails. 

Take a sheet of paper and place it in the way 
of an ant hurrying home, perhaps with news 
of a rich find. After it has crawled over the sheet, 
mark its track with a light stroke of pencil and 
turn the sheet by a small angle. The ants called 
out by the scout from the ant-hill will run up 
to the edge of the sheet where the trail continued 
on paper and discover a gap. They will scurry 
in confusion in search of the lost trail and when 
they find it they will set on a straight course 
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again. You will see that their tracks will coinc- 
ide with the pencil line. 

You may place several ants into a syringe 
and when it has been filled with their smelly 
glandular secretions, squeeze the latter out thro- 
ugh the needle to draw a pattern of artificial 
ant trails on the ground. Because the smell will 
now be stronger, the ants will run along these 
trails even with greater vigour than on the 
scout’s track. 

The paths constantly used by ants are like 
highways. They fan out from the ant-hill, and 
the “road signs” of fluid drops left by ants may 
be seen even with the naked eye. These beaten 
roads are trodden by a continuous flow of six- 
legged pedestrians. Where a road enters the grass 
jungle beyond the range of an ant colony, the 
ants scatter in all directions. And where a high- 
way of smell is cut off by an intruder veritable 
traffic jams occur like those on a city street 
during rush hours. But they are soon removed 
by ant engineers which span gaps with bridges, and 
new legions of ants resume their march onwards. 

The ants. recognize road marks by feeling and 
smelling them with their feelers, otherwise called 
antennae. 

It is not for nothing that the ant’s feelers are 
called. antennae. They pick up basic informa- 
tion about environmental changes and convey 
it to the nerve centres. Their ends are equipped 
with numerous receptors of the most important 
organs of sense—smell and touch. If you are 
patient enough, you may count as many as 211 
olfactory buds and 1,720 tactile vibrissae on 
each antenna of the forest ant. 


228 


Their number in the blind ant species is even 
larger than that. 

The antennae are very flexible and are con- 
tinuously moved by the ant feeling and smel- 
ling all objects around it. Since all of the ant’s 
sensations come from °*an object touched and 
smelled simultaneously, it may be difficult for 
it to distinguish between smell and shape as 
they merge in its perceptions into a complex 
topo-chemical sense. 

In other words, the ant apparently perceives 
the world of objects in forms unusual for man, 
such as a round or square, rough or smooth, 
soft or hard smell. 

It is even supposed that ants can sense the 
form of smell, or rather the form of a smelling 
substance. Man can hardly imagine how it feels 
since his olfactory sense is far from perfection. 
He receives his principal sensations through other 
organs—the eyes and ears. But man is also able 
to distinguish between the colour and shape of 
an object. This human ability is completely 
absent in many animals having no colour vision. 
For them a red and a blue ball look the same. 

In the same manner, an ant smelling an odo- 
urous object from all sides with its antennae may 
evidently learn where it has the narrow and the 
wider end, even when it is invisible and undist- 
inguishable to the touch as it may be the case, 
for example, with liquid or very viscid substanc- 
es. 
The idea that ants have a volumetric sense 
of smell first occurred to the well-known Swiss 
entomologist August Forel. 

He wondered how foraging ants knew which 
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end of the trail entered the ant-hill and which 
led to the bit of food found in a grass thicket. 
Why did the loaded ants always run to their 
nest and, whenever unburdened, away from it 
and never go astray? 

Forel presumed that the mark left by an ant 
on the trail was always wider in front and nar- 
rower in rear like a dab of paint applied with 
a brush to a canvas, or, for example, a piece of 
paste squeezed out of a tube. Indeed, an ant 
also squeezes out droplets of smelly fluid from 
its tube-like abdomen. 

Recent photographs show that ant marks are 
really always sharper in front and indicate the 
traffic direction like arrows on road signs. 

It is not unlikely that an ant can recognize 
the form of a mark somehow and always knows 
where the trail begins and ends. 

This theory, however, has one serious draw- 
back. The fact is that ants mark the trail not 
only when they are going away from home in 
search of prey but also when they are coming 
back laden with forage. This means that a more 
or less trodden ant path must be dotted with 
“arrows” pointing to the opposite ends, but the 
ants, nevertheless, excellently know the right 
way home. 

There is similar evidence against another hy- 
pothesis which presumed that ants following a 
trail learned their direction from a growing odour 
intensity if they kept to the right road. The 
smell weakened when they began to fall into 
step, as it were. 

It is unlikely that ants can recognize their 
“footprints” though some scientists are inclined 
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to think so. It is, of course, funny to talk of 
ant “footprints” in earnest. Besides, such “fo- 
otprints”, if they are left by ants on grass or 
lumps of earth at all, must also point to various 
directions. 

For al) that an ant*trail shows clear signs of 
polarization: its ends are not the same for ants. 

You can make sure of it by a simple test. 
Spread several sheets of paper near an ant nest. 
The ants will soon make a path over them. 
Then turn one sheet in the middle by 180 deg- 
rees. The ants coming up to it will not run 
further, since the trail marks will now be poin- 
ting to the opposite end. They will begin to 
range about in embarrassment and if they get 
on the right trail they will resume running in 
u straight string without hesitation. 

What “road signs” were displaced? The po- 
sition of the sun naturally remained unchanged, 
presuming the ants had used a solar compass 
(which will be discussed below) introducing cor- 
rections into their orientation by odours. 

Nothing in fact is known so far about the na- 
(ure of these road signs. Perhaps they really 
have something to do with chemistry. 

Evidence in favour of this, for example, is 
McGregor’s experiment. Observing ants retur- 
ning to an artificial nest he noticed that al- 
most. all of them, after turning toward home, 
had passed through a definite point in the nest 
wnvirons. After passing it they unmistakably 
found the right way to the entrance. 

The ants which had missed that point, howe- 
ver, roamed in search of home for a long time 
and found it only by chance. 
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McGregor concluded that the mysterious po- 
int on the ant trail was a “signpost” indicating 
the way home. 

Observing the behaviour of blind ants he no- 
ticed that their attitude to the “signpost” did 
not differ from that displayed by seeing ants. 
He inferred therefore that this was a smelling 
rather than visible “signpost”, which helped the 
ants in some mysterious way to find the right 
direction. 

It will be quite a job for biologists to unravel 
this mystery. 


HIGHWAYS IN THE SEA 


In the sea there are roads marked with odours, 
too. It is more difficult to trace the routes of 
migrant fish than those of birds or insects. Eve- 
ry autumn and spring huge shoals of marine 
fish set out like birds of passage on a long jour- 
ney. But rather than roam the vast sea expan- 
ses at random, they follow permanent paths 
existing since long ago. 

It is not yet known from where, whither and 
why many of them go. During the past few ye- 
ars, ichthyologists labeled thousands of fish with 
metal tags pinned to their fins. And the hazy 
picture began to grow clearer. There is no doubt 
today that salmon, for example, when they have 
grown up and fattened in the sea, migrate in 
answer to their nuptial instinct to the same ri- 
vers where they were born a few years ago. 

It was decided to check whether their know- 
ledge of their native rivers was inhorn or ac- 
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quired after they had hatched and live1 there 
for some time. 

Hard salmon roe was transplanted into other 
rivers from streams where it had been deposited. 
Newly-hatched salmon were kept in special nur- 
series, then labeled and released into a strange 
river. 

What do you think they did? After being at 
sea for several years, they returned to spawn on 
their river play-grounds rather than to their birth- 
place. 

This means that their memory of spawning 
grounds is not inborn but is acquired in early 
life and retained for at least two to four years 
while they are living in the sea. 

What are then the road signs memorized by a 
migrating fish? They are supposed to be of che- 
mical origin, the fish being capable of recogni- 
zing the smell and taste of its native river where 
it spent its youth. 

As shown by experiments, many a fish species 
have a very subtle sense of smell. The gudgeon, 
for example, can sense the smell of attar and 
the taste of sugar dissolved in water 250 and 
512 times better than man respectively. The 
gudgeon has also been found to be able to diffe- 
rentiate between samples of water taken from 
different rivers. 

When salmon had their nostrils plugged and 
released into the sea they were not as efficient 
in path-finding as they had been before and 
mostly swam at random. 

It is obvious, therefore, that though a home- 
bound fish is greatly aided by its sense of smell, 
the latter evidently fails to show it the exact 
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direction of migration. Indeed, swimming into 
the depths of the sea, salmon move so far from 
their native rivers, to which they later return, 
that no smell, however strong, can help them 
to find the way home. 

What helps them then? This is as yet a riddle. 


CHILDREN OF MNEMOSYNE 


INSECT TINNERS 


Mnemosyne is the goddess of memory in the 
Greek Pantheon. She is also the mother of all 
Muses, that is, figuratively speaking, of all arts. 
This means that she also has a certain relation 
to the art of orientation in space. 

Memory may also serve as a guide for those 
looking for the way home. Birds returning to 
their nests year after year find them by memory. 
They have a very special sense which shows 
the direction from north to south and back to 
their native lands. This facutly of theirs will 
be discussed below. But as soon as they are 
back in a familiar locality they appeal for help 
to Mnemosyne. She never fails them. A nightin- 
gale back home from Africa is able to find even 
the very same bird-cherry tree where last sp- 
ring he sang his love songs to his sweetheart. 

But we also know other animals which put 
even greater faith in Mnemosyne. 

They are small creatures, it is true, but their 
role in life on this planet and in agriculture 
almost anywhere in the world is by no. means 
as small as their size. 

They are known as digger wasps. Instead of 
living in large communities as their kin usu- 
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ally do they are incorrigible hermits. Comple- 
tely alone, they bravely defy the reverses of 
fortune. 

Many digger wasps dig burrows in the ground, 
then take wing in pursuit of their prey. Hun- 
ting caterpillars, flies, spiders and honey-bees, 
they paralize them with a stab of the slender 
“sword” nature has armed them with right into 
the nerve centre and carry them to their bur- 
rows. They drag them inside and deposit one or 
more eggs onto their catch. Though the latter 
looks lifeless, it is well preserved and resists 
decay. 

Certain digger wasps, after tinning their tro- 
phies, cover up the burrow with earth and leave 
it for ever. The food they have stored there 
will be enough for their larvae to subsist upon 
until their turn into pupae. Other wasps, 
however, return to their burrows again and 
again and feed their larvae with newly-caught 
flies. 

Some of them need not have a long memory 
of the way to their burrows. After eight to ten 
hunting expeditions they fill up their undergro- 
und stores with “tinned” provisions. Others, how- 
ever, must remember the abode of their larvae 
for many days and nights while the latter are 
growing and developing. 

Still other wasps keep their young simulta- 
neously in several burrows digged out at a dis- 
tance from one another. 

The burrows are small and skilfully concealed, 
and certain wasps flying away for a hunt cover 
up their entrances with little pebbles and grains 
of sand. They forage hundreds of metres away 
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from their nests. The memory of these insects 
is undoubtedly a very rare phenomenon. 

It has been studied by scientists of various 
countries, particularly the Dutch. 


THE BEE WOLF AND OTHERS 


The bee wolf is the name by which the Phi- 
lanthus apivorous wasp is commonly called. It 
digs holes in sandy wasteland, in dunes bet- 
ween pine-trees, on the sides of dusty roads, 
throwing earth between its legs like a dog. 

When the nest is ready, the bee wolf flies 
away in search of prey. It knows where bees 
are at work collecting nectar. Having overta- 
ken a bee, it stabs and stuns it with its 
sting. 

The bee wolf carries its trophy to its nest. 
But there it finds a certain change of the scene. 
While it was busy digging its nest, we surroun- 
ded it with a ring of pine cones which are found 
in plenty in any pine forest. While it was away 
hunting the honey-bees, we displaced the ring 
a little, leaving the nest outside. 

The bee wolf settles inside the ring without 
hesitation since it remembers that its nest was 
encircled with pine cones. Having put its catch 
on the ground it seeks its nest within the ring 
for a long time but in vain. The poor insect 
is not clever enough to see he has been cheated. 

If the ring is shifted to another place, the 
bee wolf will settle in its centre as soon as we 
have withdrawn our hands. Displace the ring 
once more, and it will be right there again. 

This experiment proves that the bee wolf finds 
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its nest by memorizing the position of various 
objects around ‘it. 

It is precisely the position of the objects rat- 
her than the objects themselves that it remem- 
bers. If the cones are replaced by chips of wood 
of a similar colour while it is away foraging, 
the wasp will choose the ring of chips instead 
of the heap of cones. 

If we arrange the cones in the form of the 
Big Dipper while the wasp is absent, it will 
fly to that part of this “constellation” which 
bears resemblance, however slight, to a circle 
and will take no notice of the “handle”. 

It is interesting to know which objects, flat 
or shaped, are better memorized by the wasp, 
i.e. whether it has three-dimensional vision. 

This was determined by an experiment in 
which its nest was surrounded with a ring of 
alternating semi-spheres and flat circles. While 
the bee wolf was away, the semi-spheres and 
flat circles were re-arranged in separate rings to 
the right and to the left or the nest respectively. 

Upon its return, the bee wolf had to choose 
between two orientation systems—a flat and a 
volumetric. It nearly always preferred the latter. 

In the same way it was found to prefer objects 
which were motley-coloured and closer to its 
nest to those of a uniform colour and more distant. 

Another question arises, whether the wasp 
memorizes the landmarks while it is on the gro- 
und or when it has taken the air for a hunt. 

Before their departure, many wasps hover over 
their nests for a minute or two. One may think 
they are trying to memorize the nest environs. 
But the following experiment shows that the 
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wasp obtains its basic information about land- 
marks while it is on the ground. 

Let us set up two rectangular wooden bars of 
identical form and size in front of the nest, 
one at a distance twice longer than the other. 
We shall notice that the wasp will orient itself 
mostly to the bar nearest to its nest. Replace 
the distant bar with a piece of wood of the sa- 
me shape but twice as tall. The wasp making 
its flight plan will show no obvious preference 
to any of them. 

The fact is that the tops of both bars, both 
the distant and the near ones, are seen -by the 
wasp from the ground at one and the same angle, 
therefore, the bar farther away seems to be just 
as close to its nest as the near bar, which is 
shorter by half. 

Because of an optic illusion it sees no diffe- 
rence between them. 

This is really so when they are viewed from 
the ground. When they are looked at from the 
air, however, the difference between the bars 
is clearly seen. 

Thus, when digging its nest, the wasp memo- 
rizes the objects nearest to it. But why then 
does it make a cursory survey of the locality 
before his departure? 

It wants to observe a wider area so as to be 
able to note the principal landmarks on its way 
back to its nest. Indeed, small objects near the 
nest are not visible from afar, therefore, it wo- 
uld be difficult for it to find the way home wit- 
hout the aid of larger objects lying wider apart. 

The bee wolf takes note of them during its 
survey flight lasting only thirty to a hundred 
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seconds*. Similarly a man looking for the way 
back to a certain place at first memorizes the 
nearest and more conspicuous objects and, as 
he moves farther away, tries to remember the 
principal landmarks of a locality. 

One scientist placed a flat square cornerwise 
in front of a wasp nest and stuck a large tree 
branch at a certain distance exactly opposite 
the foremost corner. 

The nest was now on a line connecting the 
square and the branch. 

When the wasp was away, he turned the square 
45 degrees so that the branch was now in front 
of a side instead of the corner. When the wasp 
had returned it began to search for the nest at 
the two corners nearest to the branch. 

When the wasp had again taken off in search 
of forage, he took the branch to the left and 
stuck it in front of the left corner. The wasp 
now searched near the latter, or rather between 
the left corner and the branch, although the 
nest was far to the right. 

In exactly the same way, when he had brought 
the branch to the right and placed it in front 
of the right corner, the wasp flew right there 
to search for its nest. 

This means that the bee wolf remembers not 
only the immediate surroundings of its nest but 


* Those insects which, when digging a hole, carry 
earth in their mouths and on their legs far away from 
the nest (each time in another direction) survey the lo- 
cality during these flights. They usually leave for a 
hunt without a preliminary reconnaissance flight over 
the nest territory. 
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ulso the latter’s position with regard to more 
distant objects. 

Trees attract their attention the most. They 
wefer to fly for a hunt along a row of trees or 
vushes well visible from a distance and making 
it easier for them to find the way home. 

The following experiment proves their attrac- 
tion to trees as the most important landmarks. 
A bee wolf was accustomed to foraging along a 
row of trees planted by an experimenter near 
its nest. When the trees had been removed so- 
mewhat to the left, the insect flew along the 
new row and naturally failed to find its nest 
behind the last tree. Then the trees were brought 
hack to their former place, the bee wolf was 
caught and released where it had begun its 
search along the false tracks. At first it flew 
by the former route, then quickly turned to the 
right, in the direction of the trees, and easily 
found its nest at the end of the row. 

Insects released at points lying at different 
distances from their nests returned to them by 
a straight course only from a near distance. 
The farther their starting point, the more time 
it took them to find the right direction and the 
longer was their roundabout way towards home. 

A bee wolf released at a point twenty-seven 
metres away from its nest confidently returned 
to it by the shortest, i.e. a straight, route. A wasp 
flying to its nest from a point thirty-five metres 
away at first made a series of loops widening 
its irregular circles until it reached a familiar 
locality and set on a straight course. 

It has also been noted that wasps returning 
to their nests from a near distance are apparently 
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guided by landmarks hardly noticeable to man, 
which are always numerous in any direction 
and are remembered by insects (evidently un- 
willing to cram their memory with too many 
details) only in the immediate vicinity of a 
nest. When set free at a far point, wasps at 
first flew towards a cluster of trees growing at 
a distance away, skirted them in a long detour 
and then hastened to their nests by a straight 
route. For them the trees were apparently cons- 
picuous landmarks in a long-distance flight. And 
although they were away from the straight co- 
urse, the wasps did not fail to take note of them 
because they seemed to rely more on their wings 
than on their memory. 

For certain insects in the group of Hymenop- 
tera (mainly Ammophila hirsuta), the problem 
of orientation is more complicated since they 
are unable to transport their large trophies by 
air and have to drag them over the ground. 
Although they memorize the road from the air 
they come home on foot. This would have been 
difficult even for a human with his capacity 
for abstract comparisons. 

Yet this insect is never at a loss to cope with 
this problem. It confidently carries a heavy ca- 
terpillar over a straight course and seems to 
know its way excellently. Sometimes it is hesi- 
tant, however, drops its heavy burden and cli- 
mbs a tree. It runs up the coarse bark and ho- 
vers higher up to survey the locality from this 
point of vantage. After taking its bearings,it climbs 
down, takes its trophy and drags it onwards. 

You may be sure that its children will not star- 
ve: the ammophila will find the way home all right. 


THE WIND—FRIEND AND FOE 


GREGARIOUS INSTINCT AND ITS HELPERS 


Looking at birds flying to far-away lands, we 
cannot help wondering who leads them and whe- 
ther each bird has made its own flight plan iden- 
tical with those ofits fellow travellers, which may 
be the reason why the entire flock follows the 
same route, or the birds are being led by the 
more skilful “navigators” and do nothing more 
than keep pace with them. 

This is hardly so, however, since few animals 
have leaders. Most, if not all of the migrants 
travel on their own, but their gregarious instinct, 
which prevails at this time, keeps them toge- 
ther. If a certain individualist strays off the 
course due to a navigational error, its gregari- 
ous instinct will quickly take it back, its error 
having no effect on the general course which 
will miss the target only when most of the crowd 
have gone the wrong way. 

Let us track, for example, a marching legion 
of blind Eciton ants. They can see nothing, but 
in spite of their blindness, these inveterate no- 
mads have never been prone to a sedentary way 
of life. You know already that they build tem- 
porary nests of their own bodies tangled into a 
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living ball when it is time for their queen to 
be delivered of her burden of eggs and for their 
larvae to molt into pupae. As soon as this has 
taken place, the ants resume their trek over 
the moss and grass jungle, devouring every li- 
ving thing on their way. 

What guides them along their way? . 

It is supposed to be exclusively the sense of 
smell. Like many other ants, the Ecitons mark 
their paths. But the scent of these marks is 
much more stable than that of those left by 
seeing ants. It persists for weeks on a path 
trodden by an army of Ecitons. 

Every ant in this army runs either along the 
old track left long ago by another community 
of blind nomads or along that left by its fel- 
lows going ahead. 

Let us imagine Ecitons coming to a place 
where the old track breaks off, either washed 
away by rains or covered with fallen leaves or 
wiped out otherwise. The ants have lost the 
trail of smell. What do you think they do? 

The ants in the vanguard run further though 
not far. As soon as they fee] that the familiar 
smell is absent, they immediately turn back, 
join the front ranks of their fellow travellers 
which move ahead along the scent marks left 
by the scouts. Then another wave of scouts po- 
urs into the- unexplored space and hastily rolls 
back (not forgetting, however, to seize any loot 
they chance to find on their way), and the en- 
tire army takes another step forward. 

That is how the Ecitons travel—like tidal 
waves surging over a beach. The sea waves, 
however, always lap the same stones and fall 
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back, whereas the Ecitons steadily make pro- 
gress. Their movement may be compared with 
that of a crawler tractor laying and running 
over its own tracks. In a similar way, swarms 
of ants sending ahead batches of scouts, which 
keep coming back, lay their trails over rugged 
terrain, along which the entire horde moves 
onwards. 

But it is not only the sense of smell, however, 
that helps the social instinct to lead a swarm 
of ants and keep them together. The vision 
also contributes to this end. Even butterflies, 
which often travel in loose flocks, try not to 
lose sight of each other in flight as far as pos- 
sible. 

Where the vision is no help, for example in a 
fog, in a thicket or at night in bad weather, 
the animals use their ears and “echo sounders”, 
if any. Monkeys travelling through the foliage 
of tropical woods shout “hello” to one another 
in their own “tongue”. Birds of passage also 
keep in touch with each other on a dark night 
when they are likely to lose their way. 

The walrus also bellows in a fog and keeps 
quiet in fair weather. The Northern deer, how- 
ever, does not strain its vocal chords, since its 
signal system—the “tendon compass”—is known 
to operate automatically. 

Thus, the problem of keeping law and order 
in a migrating flock, i.e. pursuing a general 
course, is solved by joint efforts easily enough. 
It is more difficult to learn how each migrant 
makes its own correct flight plan. While the 
secrets of navigation of honey-bees and birds 
are no longer a complete puzzle, the mysterious 
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sense of direction which guides other winged 
migrants—the locusts and butterflies—is still 
obscure. 


THE SENSE OF DIRECTION 


During a long journey, winged insects are 
often exposed to the caprices of weather, the 
wind in particular. Even birds suffer from it, 
whereas for a small insect the wind is likely 
to be an insurmountable obstacle. 

The bees are less exposed to the wind hazards, 
since they keep to.the neighbourhood of their 
hive and are driven off their course but little. 
The locusts and butterflies, however, which so- 
metimes have to travel thousands of miles over 
the sea and land at great altitudes, where air 
currents are fierce, need have special instincts 
which, besides indicating the right direction, 
eliminate the error resulting from the effects of 
wind. 

The butterflies, therefore, must have a more 
intricate sense of orientation than birds. A bird 
needs only to make a rough flight plan and 
flies towards a point indicated by its natural 
compass. The wind drives it comparatively lit- 
tle away. Only a strong gale can make a bird 
stray off its course, but it will usually remain 
on land in such a case. 

Insects, on the other hand, are likely to be 
blown away by any wind. Even in fair weather 
they make considerable efforts to resist wind. 
The locusts and butterflies cannot depend on 
the sense of direction alone (solar, magnetic, or 
any other) and need another sense which would 
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correct their course in accordance with the wind 
factor. Otherwise, an insect stubbornly heading, 
say, northward and continuously driven east- 
ward off its course will never reach its destina- 
tion. To get there it will have to turn north- 
west at a certain angle to the main course. 
The angle varies with wind force. 

These theoretical considerations are proved by 
observations. 

The monarch butterflies, as we know, come 
for winter to definite southern localities and 
even settle on the same trees. This means that 
rather than. fly southward at random—simply 
in search of a warmer place—they pursue a 
more specific aim. Without correction of devia- 
tion, the monarchs would be unable to find their 
winter habitats. 

Finally, some observers report having seen 
insects changing and correcting their course when 
overtaken by a sudden gust of wind. 

In his book about migration of insects, Dr. 
Williams reports his observation of a swarm of 
locusts flying north-east in East Africa. Sud- 
denly, a wind began to blow from south-east. 
The heads of the insects immediately turned 
slightly into the wind (i.e. more towards the 
east). At any rate, their slender bodies were 
laid in this direction although before the wind 
arose they had been pointing north-east. After 
this maneouvre, however, the swarm continued 
to steer north-east. The correction of deviation: 
due to wind was made with amazing accuracy. 

As soon as the wind had fallen, the insects 
again changed their course and steered directly 
north-east. With every new gust of wind they 
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turned their bodies by the required angle again 
to offset the deviation. 

The butterflies manoeuvre likewise, which pro- 
ves that insects have a well-developed sense of 
direction discrimination. They have a mysterio- 
us orientation mechanism which operates fault- 
lessly, immediately adjusting their flying appa- 
ratus to the signals produced by this sense. 
Then another puzzle crops up: how does an 
insect know the wind direction? 

This is a trivial question at first glance. In. 
fact, itis much more difficult than it seems to be. 

A man standing with his feet on the firm 
ground will be continually conscious of the di- 
rection of winds. But he will find it difficult 
to determine the speed of the Earth’s rotation. 
It will be recalled that we are moving together 
with the Earth at a speed of about eighteen 
kilometres per minute. An animal in flight also 
moves together with the air. If the wind is 
blowing at permanent intensity without chan- 
ging its course, or its force is gradually growing 
or reducing, it will be difficult for an insect 
caught in an air current to determine wind di- 
rection and force. Without knowing them, ho- 
wever, it is impossible to correct deviation due 
to wind. 

It is supposed that this correction is made at 
the moment when the insect feels the first puffs 
of wind, when it is the most perceptible. Accor- 
ding to another hypothesis, the first signals of 
deviation are given by the animal’s eyes. 

As soon as the retinal images of the lands- 
capes passing below change their direction due 
to lateral deviation, the animal turns and pur- 
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sues a course in which the visual impressions 
in its composite eyes follow one another in their 
former sequence. 

This theory is rather naive. It is strange that 
it seems to have been confirmed by certain ex- 
periments and obserVations. 

It has been found that the locust cannot stand 
seeing what may be likened to motion pictures 
shown in the reverse direction.. It behaves nor- 
mally as long as the images of landscapes on 
its retina pass from the front backwards (like 
on a cinema screen). When they are shown in 
a reverse succession, the locust will immediately 
turn by 180 degrees and fly backwards. If a 
film shot from a moving train or plane is pro- 
jected onto two parallel walls of a dark cham- 
ber with an imprisoned locust, the latter will 
turn its head in the same direction as was fol- 
lowed by the vehicle carrying the cameraman. 
If the reel is run backwards, the insect will 
promptly perform a volteface. 

These turnings have a great biological mea- 
ning. 

Imagine a locust flying against a growing 
wind. It desperately works with its wings to 
make head against the wind but all in vain—the 
wind throws it back relentlessly. At this very 
moment, when pictures of the land below begin 
to spread out from behind forwards, the locust 
swings around and flies down the wind. Such 
manoeuvres performed jointly by the entire 
swarm have been observed more than once. It 
is supposed that it is precisely the eyes that 
give the signal to swing around. Proof of this 
is not only the experiment with motion pictu- 


249 


res described above, but the following observa- 
tion as well. 

A swarm of locusts was once seen over a large 
lake in Africa. When it was already far from 
the lakeshore, a strong contrary wind suddenly 
rose. Then an unusual thing happened: rather 
than swing around and fly down the wind as 
it is their habit, the locusts broke up into a 
disorderly crowd and senselessly tried to over- 
come the wind without changing their course. 
Such a contest was, of course, too hard for the 
small insects. The gusts of wind dispersed them 
all over the lake and pushed them back to whe- 
re they had started their flight over the water. 
Only then did the locusts seem to feel they 
were wasting their strength in fighting the ele- 
ments. Finally they turned around by 180 deg- 
rees and rapidly sped forward with the wind. 

The contrary wind overcame the swarm above 
the lake far off shore. So when it carried them 
backwards, the insects could see nothing but 
boundless expanses of water on all sides. They 
were unable to decide which way to follow. 
Nor did they know they were being thrown 
backwards and vainly worked with their wings 
to no purpose. When they were over Jand again, 
however, their turning mechanism promptly set 
them on the right course. 


LOCUSTS AND RAIN COME TOGETHER 


Already the writers of the Bible knew that 
locusts come with the wind. This has been con- 
firmed by the latest observations. The reason 
is‘as follows. 
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The locusts avoid exertion and usually fly 
before the wind. So the wind, which blows in 
the direction of a low barometric pressure, brings 
rain clouds along with locust swarms. Despite 
some popular beliefs to the contrary, neither 
the rain is due to the locusts, nor the locusts 
are due to the rain, but both of them depend 
on the wind. -For example, in the autumn of 
1949, for the first time in Arabia, swarms of 
locusts appeared in the Makulla region with 
gusts of a fierce rainstorm. Jn thirty-six hours 
aus much as seven inches of rain poured down 
on the ground although the annual rainfall in 
that area is usually not more than 2.5 inches. 

The locusts spend the night in torpor and 
warm themselves after sunrise. They climb out 
into the sun and up plant stalks. Some indivi- 
duals have already warmed up and take wing. 
Others follow suit, so the ground seems to be 
rising into the air, the swarm wreathing up- 
wards to the right and to the left. Now the en- 
tire horde has revived and ascends to the clo- 
uds like the smoke of brushfire. 

The locusts usually take off against the wind 
to ease the ascent. But as soon as they have 
gained altitude (sometimes up to two kilomet- 
res), they are caught in strong air currents which 
carry them onwards. 

It makes no difference which course had been 
followed by the swarm. The nearest region of 
low pressure (or any point on the way to it) 
would be their landing site. 

This will happen if the locusts have risen 
too high in the skies. If they fly at a low alti- 
tude and a moderate wind (not forcing them to 
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turn round) they may follow a course at an 
angle to wind direction. This has been seen ma- 
ny times. But probably such flights are only 
of local significance. 

The lucusts can find their bearings by the 
sun as well. At .any rate, in some experiments 
when the sun was shut off and, instead, a sun- 
beam reflection was directed at flying locusts, 
they turned back. The wingless stages travel- 
ling over the ground behaved likewise. 

The “light compasses” of butterflies have not 
yet been studied and it is not known if they 
have any. It is known, however, that the but- 
terflies have a very subtle sense of direction. 
It does not depend upon the wind: no matter 
where it is blowing, butterflies keep to their 
course. That is why when the wind is high, they 
fly low above ground where its force is less or 
remain on the ground. 

In north-east Tanganyika Williams observed 
several species of butterflies flying in different 
directions in spite of adverse winds. Their flights 
continued for many days. Once a multimil- 
lioned swarm of locusts flew over this field, set- 
ting out on a Jong journey. All insects, both 
the locusts and the butterflies, were flying so- 
me three metres above the ground, but each 
species accurately followed its own route. 

The migratory butterflies have another mys- 
terious trait: they always try to fly over rather 
than round an obstacle. Having met with 
a tree, a butterfly soars up along the trunk 
toward the crown, hops over it and descends 
along the other side of the trunk. In the same man- 
ner they fly over rooftops as though fearing to 
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lose a familiar line drawn across al] rugged spots 
on this planet. 

The way butterflies get over ravines and gor- 
ges is even more amusing. Instead of flying di- 
rectly from one edge tg the other, they fly down 
the slope to the very bottom, then up the op- 
posite slope. 

If they meet a thick tropical forest, they soar 
above the trees and fly over their tops at the 
same height as they usually hover over the 
ground. Large glades that lie in their path they 
cross in the same way as ravines: they fly down- 
wards, then again soar up at the opposite wall 
of the forest. 

The path of butterflies is always amazingly 
straight, and they follow their chosen route for 
a long time. Neither wind, not large obstacles 
in their way can alter their course. Sometimes 
they deviate from it to cross over a mountain 
range through some meandering pass, or to ref- 
resh themselves with flower juice in a meadow, 
or to spend the night in a nearby grove. They 
may also be driven away by violent gusts of 
wind. Nevertheless, as soon as the wind has 
fallen, or they have rested and refreshed them- 
selves, they pursue their former course with 
enviable persistence. 

But once migrating monarchs were seen to 
change their course seemingly without any rea- 
son at all. They changed it twice over a distance 
of several hundred metres. Stretched out in a 
string they flew south along one of the bays 
of Lake Ontario. Then they turned eastwards 
abruptly, flew that way for about half-a-mile 
and again steered their course southwards. 
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Throughout the day the monarchs flying from 
the north repeated this double turn with im- 
peccable accuracy. 

Why did they do so? How did they know 
where to make the turn? 

This is yet a riddle. Nor do we know anything 
about the mysterious guide marks—solar, mag- 
netic or other—which lead the butterflies in 
their round-the-world travels. 


DRIVEN OFF COURSE BY WATER CURRENTS 


Certain fish react to images of the outside 
world fleeting past before their eyes in the same 
way as the locusts, and when they are driven 
off their course by a current and all objects in 
their field of vision quickly pass backwards, 
they try to swim upstream rather than down- 
stream. 

This is clearly demonstrated by the following 
experiment with sticklebacks, tiny fish inhabit- 
ing almost every river in Russia. They have 
been used in a host of various laboratory expe- 
riments. 

A stickleback kept in a glass pot set on a 
table rotating with a moderate speed will al- 
ways swim in the direction opposite to rota- 
tion, as though in pursuit of the objects passing 
behind. If the pot is covered with an opaque 
bell and spinned together with the latter, a 
stickleback will remain indifferent to it and 
will not strive to reach anywhere. It will swim 
aimlessly in every direction, because it probab- 
ly does not feel that the pot is rotating. 

Now let us surround the pot with a wide 
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paper band lined with vertical stripes on the 
inside. The band should be of the same height 
as the pot, so that the stickleback does not see 
anything around but the stripes on the paper. 
If the band is turned round the pot, the fish 
will swim after the Stripes, in the direction in 
which the band rotates. If the band is turned 
counter-clockwise the fish will turn likewise. 
If this striped screen is twined clockwise, it 
will begin to swim in circles after it like the 
hands of a clock. 

What does this all mean? Evidently, the stick- 
leback does not feel the movement of the water 
directly (just as man does not notice the Earth’s 
rotation because he is moving together with it). 
But, trying, as hard as it can, to keep steady 
against the current not to he carried far down 
to the river mouth, a stickleback takes its bear- 
ings from immobile objects in the water just 
as a locust does in a similar situation. When 
all things that cannot float—weeds, stones on 
the river bed and the river banks—pass back- 
ward, this means that the water is flowing for- 
ward, that is in the opposite direction. Not to 
stray away far from home it has to pursue their 
course. 

It is unclear whether this instinct is develo- 
ped also in marine fish or only in river fish 
which always have to oppose the current. Other- 
wise river mouths would have been clogged 
by their bodies. At any rate, a definite depen- 
dence on currents has been noted in the beha- 
viour of marine fish as well. Apparently, in 
many cases one general rule operates in the sea: 
going to their spawning grounds, fish move aga- 
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inst the current, and on their way back to their 
winter habitats or feedings areas they travel 
with the current, which drives their roe and 
small fry in the same direction. 

At the end of summer European shoals of 
tunnies go to spawn from the Northern Sea so- 
uthward—to the East Atlantic and the Mediter- 
ranean, swimming against the Gulf Stream. Af- 
ter spawning there in April and May they again 
move with the streams of this warm current 
northward where there is more food. 

Many other fishes do likewise, while the expe- 
Timents with flatfish carried out in Scotland have 
illustrated this rule especially strikingly. 

Flatfish having their habitats off the shores 
of East Scotland go to spawn northward against 
the current which also flows southward in that 
region. Other schools of these fish feeding near 
the Shetland Islands, also travel northward when 
the spawning season comes, and also against 
the current circulating clockwise round these 
islands. When an East Scottish flatfish caught 
on its way to the spawning grounds had been 
marked and released near the Shetland Islands 
it did not go back to its native shores where 
it was driven by a southerly current but swam 
together with local flatfish against it, i.e. north- 
ward. 

On certain sea lanes, great currents which have 
been flowing along the same course century af- 
ter century, may serve as guides to some sea 
vagabonds. It is supposed, with little evidence 
though, that even river eels are also led by cur- 
rents during their daring trans-Atlantic journey 
to the invisible shores of the Sargasso Sea. 
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Eel larvae are carried back to the European 
shores by the Gulf Stream. They don’t seem to 
exert themselves to swim the ocean. But how 
do adult eels manage to find the Sargasso Sea 
at a distance of thousands of miles from Eu- 
rope? It is conjecturéd by some investigators 
that they are also carried by a current across 
the ocean. Led by their instinct, the eels have 
only to leave the rivers for the ocean in autumn 
and dive to the depth of 800 metres or so, and 
then water itself will carry them to their des- 
tination. Indeed, it is well known to oceanolo- 
gists today that under the Gulf Stream there 
is a strong current flowing in the opposite di- 
rection. All those carried by it will be brought 
directly to the Sargasso Sea. 

This hypothesis is very attractive by its sim- 
plicity, but it will hardly explain everything. 
Of course, the deep-water counter-current facili- 
tates the task set by nature before the eels. 
But observations have shown that even wit- 
hout it they “know” where to swim. Indeed, 
in order to reach this counter-current the eels 
living, for instance, in the rivers of the Soviet 
Baltic region will have to cross by a very intri- 
cate route two seas and many straits. The sil- 
very eels, which had set out on a journey, were 
caught once off the shores of Sweden and relea- 
sed on a damp meadow. Wriggling, all of them 
began to crawl in, the same direction. They 
were turned back, but the fish stubbornly kept 
their initial direction: they turned again and 
again as soon as they had been released by pe- 
ople. The most striking fact is that the course 
chosen by them did not at all coincide with 
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that they followed in the sea: now the eels were 
crawling southward—to the sea! Having reac- 
hed it, they would have swum westward. It 
means that they lack an inborn sense of direc- 
tion. Or perhaps it operates only in water? On 
land other instincts are brought into play— 
back to the sea by the shortest route! 

Science is still unable to explain satisfacto- 
rily which landmarks of the physical world gui- 
de the river eels to the end of their fantastic 
journey. The riddle is still unsolved. 


CHILDREN OF THE SUN 


MNEMOSYNE AGAIN 


People have been keeping honey-bees since 
time immemorial. Even the troglodytes brigh- 
tened up their hard life with the honey of wild 
bees. Yet many mysteries of these amazing in- 
sects were unknown to us until very recently. 

What we know today about the tastes and 
senses of bees, about their navigational meth- 
ods and means of communication with each 
other, about the choreographic language of the 
tiny members of a large bee.community is due 
to the hard work and inventive mind of a cer- 
tain Austrian investigator. His name was Karl 
Frisch. 

Frisch devoted more than fifty years of his 
life to the study of the life of honey-bees, and 
the results of his painstaking work surpassed all 
expectations. How a bee sees the world, how it 
orients itself in it is now known to us better 
than the senses of other animals standing clo- 
ser to us by blood relation. We know, for exam- 
ple, that the multi-coloured sunlit world appe- 
ars yellow-blue-green-ultraviolet to a bee. Even 
the red colour so widespread in nature is not 
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distinguished by the bee. Why then does it 
land on red flowers, for instance, roses or pop- 
pies? Because red flowers reflect many ultra- 
violet rays to which the bees are extremely 
sensitive. We can say nothing of the colour of 
these rays because we do not see them. Our 
eyes are blind to them from birth. Only some 
instruments can prove that ultraviolet rays real- 
ly exist. 

We also know that a bee can hardly tell a 
square from a circle or a triangle: it is not strong 
at geometry. But to make up for it, it excel- 
lently distinguishes a cross from other figures 
because it looks like a flower, and the whole 
life of a bee-hive is dependent on flowers. In 
general, figures with ragged outlines and a finer 
and more clearcut pattern are noticed by a bee 
immediately. Massive and geometrically regu- 
Jar forms almost do not attract its attention. 

Thus, a bee leaving the bee-hive in search of 
sweet food is adequately equipped with various 
organs helping it to find this food as quick as 
possible and not to lose its way back home. 
Its vision is best adapted to noticing objects 
which look like flowers in size, shape and co- 
lour. Its fine olfactory sense helps the bee to 
better orient itself on a meadow and its excel- 
lent memory will again take it where plants are 
Jaden with nectar. The memory of bees is hardly 
worse than that of bee wolves. 

Leaving the bee-hive or flowers rich in nectar 
a bee in both cases takes a reconnaissance flight 
over the locality to hetter memorize it. It me- 
morizes the form and colour of the flowers them- 
selves when approaching rather than when lea- 
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ving them. This is proved by the following 
experiment. 

Let us make a small table of a piece of glass 
and four stones. Then two sheets of paper are 
placed under it—the blue one above and the 
yellow one under. A ‘saucer with sugar syrup 
is set on the table and then bees are awaited. 

As soon as the first of them comes and begins 
to suck the syrup, the upper, blue sheet is taken 
from under the table, leaving only the yellow 
one. The bee will satisfy itself and, having 
made a circle under its “dining-room”, will go 
to the bee-hive. While it is on its way let us 
place both sheets of paper side by side under 
the glass and set a saucer without syrup over 
each of them. The bee will return and land 
without hesitation on the blue sheet, searching 
for syrup there. It will take no note of the yel- 
low sheet. However, when it was drinking sy- 
rup and flying away the yellow sheet was under 
it. But it was sitting on the blue sheet. It means 
that it memorized what the saucer looked like 
when Janding. 

Leaving the bee-hive, the bee memorizes its 
location. It makes a few vertical circles before 
the entrance, its head turned in its direction. 
If the bee-hive is moved away in its absence, 
the bee, on returning, will search for it in its 
former place. If, however, it is simply turned 
with its entrance to the other side, the bee 
will land on the bee-hive wall facing where the 
entrance had been earlier. It will begin to run 
over this wall. Not until it turns the corner 
will it find the door to its home. 

Bees, like bee wolves, memorize the Jandmarks 
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alsc on the way from home to the nectar-bea- 
ting flowers. Once the following experiment was 
made. A bee-hive was set on an abandoned air- 
field and an artificial landscape was created 
around it. When the bees had got used to it 
the part of the “landscape” along which they 
used to fly to the feeders, was moved somewhat 
away, without disturbing, however, the for- 
mer correlation of objects. The bees flew by the 
new, wrong course along the same landmarks 
to which they had been accustomed. But, now 
that they led them astray, the bees lost their 
way at the end of the road. 

Then the following thing was done. A saucer 
with sugar syrup was placed at a certain dis- 
tance before the bee-entrance. The hees soon got 
used to it. Then the saucer was moved a little 
aside—to the right of the bee-hive. Having 
sucked the syrup the bees flew from the feeder at 
first straight in the same direction as before. 
They covered roughly the same distance as had 
earlier separated the bee-hive and the saucer, 
and began to search for their home, making 
circles and whirling in the air. 

Even when the saucer was taken behind the 
bee-hive (from its earlier place in front of it) 
they flew by the former course, only farther 
away from the bee-hive. Apparently, in these 
cases their mechanical memory worked: the in- 
sects were accustomed to flying from the fee- 
ders in a definite direction and over a definite 
distance. They memorized both, and followed 
their habit mechanically, without “checking” the 
readings of their compass. But as soon as they 
felt they had lost their way, they would make 
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a few circles at the end of the known course, 
and would suddenly head straight for the bee- 
hive without hesitation and quickly found it. 

This is quite surprizing. Evidently, in addi- 
tion to a good memory the bees have some sense 
non-existent in man which leads them unerrin- 
gly to their destination whenever necessary. It 
was thought at one time that in such cases the 
bees took their bearing from the most conspi- 
cuous landmarks of the landscape bordering on 
the skyline. But in 1949 Karl Frisch proved 
that the bees found their guide marks not from 
the skyline but in the skies. If there is a tiny 
clearing in the clouds or if the sky is overcast 
the bees know the position of the sun all the 
same and will find their way home from it. 
This discovery made the beginning of a series 
of brilliant investigations which uncovered ma- 
ny secrets of animals’ navigation. But first we 
should say a couple of words about depolarized 
light which guides the bees through the thick 
of grass and forests. 


DANCES ON HONEYCOMBS 


Physicists have long established that light is 
a definite kind of electromagnetic radiation. Li- 
ght waves oscillate not in any one plane but 
in an infinite variety of mutually intersecting 
planes. The line of their intersection is the di- 
rection of a ray. When sunlight is reflected from 
a glittering surface, for instance, from a mir- 
ror, a considerable part of light waves begins 
to oscillate only in one plane. This is known 
as polarization of light. The percentage of pola- 
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rized light varies with the angle between the 
falling ray and the reflecting surface. 

Sunlight is polarized also when it is passing 
through the minute particles of matter soaring 
in the atmosphere (some clouds also act as po- 
larizing media). In different areas of the sky, 
at varying distances from the sun, the percen- 
tage of polarized light is unequal. When the 
sun is moving, these heterogeneous fields of po- 
larization follow, retaining their mutual dis- 
position with regard to the sun. 

For the eye seeing polarized light the sky 
appears as though covered with spots of varying 
light intensity. Remembering their order one 
can always know the side of the sky where the 
sun is present, even if the sun itself is invisible. 
The polaroid eyes can determine the four car- 
dinal points—the south, north, east and west— 
from a small clearing in the clouds. 

Unfortunately (or perhaps, luckily) we see no 
spots on the skies. The human eye cannot see 
them when not armed with some special spe- 
ctacles or polaroid instruments. The principle 
of the action of polaroids is very simple: as 
though through a narrow slit they let pass only 
those light waves which vibrate in the plane 
parallel to this slit. 

The bees, however, have eyes of a different 
kind: they pick out from the light rays scatte- 
red in the sky only those pularized in definite 
planes. Therefore, even on a cloudy day the 
bees know where the sun is hidden. It is very 
important for them. Indeed, the bees take their 
bearings from the sun. 

There is hardly an educated person on earth 
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who has not heard something about the dances 
of bees. The bees dance in their bee-hives, an- 
nouncing by definite figures of their pas their 
rich discoveries— flowers laden with sweet nec- 
tar. Other insects in the bee-hive watching them 
dance receive exhaustive information on the lo- 
cation of the nectar-bearing plants and fly to 
them. 

The dances are of two kinds: circular and 
swaying (not counting the spinning dance which 
signals a swarm to fly out of the hive). 

When a bee finds near its home—at a distance, 
say, of not more than 100 metres— flowers rich 
in nectar, it returns to its hive and begins to 
“dance” on the honeycombs, running in cir- 
cles. A circle to the left, then a turn around, 
and a circle to the right. Its fellow-bees sur- 
round it, follow it excitedly and smell it touch- 
ing its belly with their antennae. 

In the language of bees the circular dance 
means: “I have found much food near the hive”. 
Where this food is, in which direction and at 
what distance the dance does not tell. An ad- 
ditional explanation is only the odour of flo- 
wers carried on its belly; that is why the other 
bees smell it. Then they leave the bee-hive and 
scatter in every direction, searching nearby flo- 
wers with the familiar odour. They are helped 
to hit on the right course by the traces of odour 
in the air which have been spoken of above. 

A more detailed information on the results of 
the reconnaissance flight is given by the swaying 
dance. It is so called because the bees perfor- 
ming it sway their bellies from side to side. 
They don’t do it all the time but only when 
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running in a straight line connecting two semi- 
circles of the figure of eight, which this dance 
resembles in pattern. The greater the numder of 
swaying movements, the farther the flowers la- 
den with nectar. This occurs because the scout 
bee doing the swaying dance makes some 15 
swaying movements per second with its belly. 
When it means to indicate a longer distance, 
it dances at a slower pace, and naturally makes 
more swaying movements per second during one 
straight run. On the average, one additional 
swaying movement per second corresponds to 
an increase in distance by every 75 metres. 

Yet the chief information about the distance 
to the nectar-laden flowers is contained in the 
other elements, or “pas”, of the bee dance. 

If a dancing bee describes nine or ten full 
circles in either side in fifteen seconds (more 
exactly, makes nine or ten straight runs accom- 
panied by swaying of the belly), the food is 
within a hundred metres of the hive. If it ma- 
kes six full cycles in the same time the distance 
is 500 metres. Four and a half circles correspond 
to one kilometre, two circles, to five kilometres. 
One vault to any side means a distance of ten 
kilometres in the bee language.* 

The contrary wind slows down the pace of 
the dance, and conversely, the fair wind speeds 
it up. The distance to the target is estimated 


*In different books and manuals on_ bee-keeping 
widely varying lengths of runs of dancing bees and cor- 
responding distance are indicated. The res adduced 
here are borrowed from the latest book of Karl Frisch: 
Bean dem Leben der Bienen”, Springer-Verlag; 1964, 

erlin, 
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by bees from the efforts they make to reach 1. 
When they have to fly against 4 strong wind, 
then, having returned to the lve. they tell 
with their dance of a distance 1on8er than real. 
And conversely, when the melliferous flowers can 
he reached with a brisk fair wind the distance 
indicated in this case will be shorter than real. 

Recently Dr. Esch of Munich, ? follower of 
Karl Frisch, found that bees 40i08 the spinning 
dance also transmit additional information abo- 
ut the distance to the nectar-laden flowers also 
by the buzzing of their wings (or rather, with 
the thoracic muscles of the Wing because the 
wings themselves are motionless): These sig- 
nals “resemble the rattle of 4 is 
If the “engine” rattles for approxi 1 
second the distance to the flowers is two hund- 
red metres. So the louder the rattle the higher 
the quality of the food found. . 

Now it is time to say how pees inform each 
other ot the direction to the targ°t. Tt may 
happen that they dance near the bee-entrance 
on a horizontal plane. Then the straight part 
of the swaying dance, the line connecting the 
two semi-circles of the figure of eight will al- 
ways be facing the side where food has been 
found. A dancing bee always runs along a stra- 
ight course where it should "Y- The bees sur- 
rounding the dancer memorize the angle bet- 
ween the direction to the target indicated near 
the bee-entrance and the positio® of the sun in 
the sky and fly to their destination, keeping 
this angle. 

This occurs when hees at 
open air, seeing the sun, or eve? 


dancing in the 
a tiny spot of 
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the blue skies above their heads. But how do 
they indicate the solar angle required for a 
correct orientation in the bee-hive in complete 
darkness? 

Nature has found a very ingenious way out 
of this predicament. In the bee-hive where the 
sun is not seen it is supplanted by the invisible 
force of terrestrial gravitation. The gravitational 
vector symbolizes. as it were, the needle of a 
compass aiming from south to north. 

If a dancing bee is running over a honeycomb 
head downwards in the straight part of the 
dance it means that food should be sought in 
the direction opposite to the sun. When it is 
running, swaying its belly, with its head up- 
wards, the target lies in the direction of the 
sun. If the straight line of the dance deviates 
from the direction of the gravity force at this or 
that angle, the direction of the flight should be 
at the same angle in relation to the sun. 

In one experiment the bees had to fly to the 
nectar-laden flowers around a high mountain spur 
which they could not overcome along a straight 
course. This was a roundabout way but in the 
dance the bees indicated a straight direction— 
from the hive over the spur to the nectar-laden 
flowers. It is not clear how the insects watching 
the dance could understand that in this case 
they had to fly not by a straight course as shown 
in the dance but around the mountain range. 

It has been found that the bees cannot tell 
of the height of the target above the ground by 
their dances. Feeders with syrup were tied to 
the top of a radio tower, while the hee-hive 
was placed right at the bottom of it. The scout 
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bees soon found the syrup at the top of the tower 
but could not tell other bees about their find. 
They danced and danced this way and that, 
rupning in every direction with a swaying gait, 
but this “incoherent” speech only misled their 
fellow-bees. 

It is known today that ants like hees also 
see polarized light falling from the sky and can 
orient themselves by it. 

Yet they have no such an intricate system 
of transmitting information as dances on the 
honeycombs. Evidently, polarized light serves 
as a beacon for all animals called arthropods by 
the zoologists. It seems that no other non-art- 
hropodous creature (i.e. not an insect or cray- 
fish) has such capacities. 

The compound, or faceted, eyes possessed by 
all adult arthropods (and no one else) are pro- 
bably the very same optic media separating 
polarized from non-polarized light.* Screening 
the sunrays they produce in the insect’s 
imagination the picture of a spotted sky where 
every spot is a guide mark. 

The compound eye is composed of hundreds 
of tiny eyes—ommatidia.** Karl Frisch deve- 
Joped an instrument imitating in a crude form 


* True, caterpillars of the pine ‘moth (Dendrolimus 
pini) have no compound eyes, but nevertheless, travel- 
ling in search of food, they orient themselves by the 
sky painted with spots of polarized light. This has been 
proved beyond doubt. 

** Fach ommatidium is in fact a separate eye. It 
has its own retina, the crystalline lens and a transpa- 
rent cone beneath, which forms, together with the crys- 
talline lens, the light-refracting apparatus of the eye. 
Compound eyes are possessed only by arthropods. 
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the natural model of a polaroid which ommati- 
dia are. Experiments with this instrument have 
convinced him that the compound eye of an 
insect really filters polarized rays. 


PIGEON POST 


On seventh day 

I tovk a pigeon and freed it; 

It flew away and then returned: 

It did not find the place and so came back. 
I took a swallow and freed it; 

It flew away and then returned. 


No, this is not the story of Nosh, although it 
looks like a verse from the Bible. This is the 
story told by Utnapishtim. 

He told Gilgamesh, who “had seen everything” 
about the days of the Deluge and his rescue on 
the Ark. Gilgamesh, an athlete and hero, was 
King of the “fenced Uruk”, the most ancient 
of the ancient cities on earth. He lived and 
died five thousand years ago on the banks of 
the Euphrates, a little below the place where 
the city of Babylon, the wonder of the world, 
later raised its mammoth walls to the skies. 

The epic of Gilgamesh was composed at the 
dawn of history when people had just learned 
how to forge copper and smelt tin and silver, 
when they made bronze hoes and axes, and had 
not yet discarded stone ones. The poem turned 
out to be a more lasting quality than the axes; 
it has not been aged by thousands of years. 
Later, the priests who wrote the Bible attribu- 
ted all the exploits of Utnapishtim to the pious 
Noah, but this was sheer plagiarism! 
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The rhyme opening this chapter speaks of the 
world’s first (of course, documentally dated) tes- 
ting of the navigational capacity of birds: a 
pigeon “flew away and then returned”. Five 
thousand years ago people already knew that 
pigeons and swallows can excellently orient them- 
selves and always find their way home how- 
ever far they may fly away. 

As soon as people had discovered these abili- 
ties of birds they began to catch them and train 
them in the simple job of postal service. On 
some islands in the Pacific frigates or Man-o’- 
war birds—large-winged sea species—are trained 
for this purpose. 

The Roman Pliny the Elder, a gallant cavalry 
colonel (his rank when he retired, translated 
into modern language) made his name famous 
in the difficult field of zoology rather than on 
the battlefield. He wrote about Cecina of Vol- 
terra, a great enthusiast of horse racing. When 
the latter went to the racecourse he used to 
take along swallows caught under the roofs of 
his friends’ houses. When his horses won prizes 
he would paint his birds in definite colours 
meaning victory, and was well aware that each 
of them would return to its nest. 

And quite recently a certain Frenchman ad- 
vertized his swallows offering them for postal 
service. 

Yet pigeons are undoubtedly more suitable 
for carrying messages. They are hardy, well 
multiply in captivity, fly fast and are strong 
enough to carry small messages. 

Pigeon post has a venerable history of its 
own. The Egyptians, ancient Greeks and Romans 
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sent pigeons with messages. Even today, in spite 
of the latest means of communication, millions 
of homing pigeons are used for postal service. 

In Britain alone, there are more than a mil- 
lion homing pigeons. One fifth of this number 
were enlisted in the Army and took an active 
part in the last world war: they delivered many 
different messages. 

The Reuter news agency, which as far back as 
the middle of the last century sent letters with 
homing pigeons, in 1962, having tested artificial 
earth satellites, again resorted to the help of 
pigeons. They proved to be the quickest and most 
convenient means of transmitting short messa- 
ges in large cities where traffic jams are a com- 
mon occurrence. 

In the past few years many enthusiasts have 
been attracted by the sport contests of pigeons 
whose history began in 1825 in Belgium. In these 
contests the winners are those which come home 
first, and frequently only the last minutes of a 
many hours’ flight bring victory to the sturdiest 
fliers, 

Pigeons are usually released at a definite dis- 
tance from home, at one of the stages of some 
traditional itinerary. Lovers of this sport know 
well that birds which have often flown by this 
route return home earlier and more accurately. 

This is the chief purpose behind pigeon train- 
ing. At first the birds are released not far from 
home. Gradually this distance is increased. Trai- 
ning is meant to help the bird to memorize all 
the guide marks on the route and direct its 
flight along a narrow corridor over a well-known 
locality. 
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Here is the final stage of the training course: 
the pigeon is taken hundreds of miles away from 
the last stages of the route it had learned by sec- 
tions. Soaring into the air the bird should not 
see the familiar landmarks, but it quickly finds 
them and heads for home along the familiar route. 
In the United States there are pigeon routes 
stretching for thousands of miles and thousands 
of pigeons know excellently every leg of their 
journey. 


IS IT MEMORY AGAIN? 


This is an apt question after we have learned 
the principal rules of training homing pigeons. 
It goes without saying that memory plays a 
definite role in this process, helping the bird to 
find its way home quickly by the familiar land- 
marks, and this is perhaps the only means of 
finding the nest in its immediate vicinity. But 
in the general system of orientation reflexes me- 
mory is only of auxiliary importance. This is 
indicated by numerous observations and expe- 
riments, although pigeon-breeders and some or- 
nithologists often disagree with this. 

One of them, Mathews, has found, for example, 
by simple experiments that pigeons trained to 
come back along a definite route sometimes de- 
viate from it and fly home by a straight, shorter, 
though unfamiliar route. When the route sug- 
gested by the experimenters lies too far from the 
direct route, the pigeons readily do without their 
memory and resort to the aid of some other 
mysterious sense that guides them to their des- 
tination more accurately. 
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Moreover, it has long been known that pigeons 
and other birds find their home without difficul- 
ty even if they have been taken to a country 
quite unknown to them. Sometimes they were 
rotated on a gramophone disk or carried under 
general anaesthesia throughout the journey to 
rule out the influence of the so-called kinaesthe- 
tic sense, which, according to one hypothesis, 
enables the birds to memorize mechanically all 
the turns of the vehicle in which they are taken 
to the place of their release (so that they only 
have to unwind the coil of their recollections in 
the opposite direction and bring their wings in 
conformity with them, and they will immediate- 
ly hit on the right way). But even after general 
anaesthesia and the gramophone merry-go-round 
the birds just as well oriented themselves in un- 
known lands. 

The experiment with a wryneck has come to 
be known as classical. It was caught on a nest 
in the Berlin area. A ring was put on its leg and 
it was taken by air to Salonika, 1,600 kilometres 
away. Ten days later it was again seen wrying 
its neck on its nest in Berlin. 

The trans-Atlantic flight of English gannets 
is even more amazing. 

A pair of these marine birds were caught on 
the shore of Wells (where they nest, flying to 
winter in South America) and were taken by 
plane to Boston, on the other side of the Atlan- 
tic Ocean, five and a half thousand kilometres 
from their. nest. 

On June 16, 1952, at 1:00 a.m. at night the 
tired bird heavily landed near its burrow in the 
vicinity of an ornithological station in Wells. 
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It had crossed the ocean and found its nest on a 
small cliff of a large island twelve and a half 
days after taking off from the American conti- 
nent. The boat carrying a message about the re- 
lease of the bird (its companion died during the 
transportation) was ten hours late. 

Very many such experiments have been carried 
out with a variety of birds: roseate terns, sea-gulls, 
martins, swallows, starlings, red-spotted blue- 
throats, redstarts, shrikes, crows, ducks, hawks, 
storks. More than thirty-four different bird spe- 
cies have undergone such tests. 

All of them found their way home from un- 
known localities more or less successfully. It is 
clear that a good memory did not help them 
in such cases. What helped them then? 


IS IT A SPIRAL SEARCH? 


In the above-described experiments one fact 
immediately draws the attention: the speed with 
which the birds return home is always modera- 
tely quick. It might be suspected that they are 
not in a hurry. They seem to have spent on the- 
ir flights (if they flew straight from the place of 
their release) a few hours a day. “Transported” 
swallows and, roseate terns covered about 200 
kilometres daily on the average, sea-gulls, about 
100 kilometres, and starlings, only forty kilo- 
metres. 

Some investigators have made this conclusi- 
on: the birds do not come back for so long becau- 
se they are looking for familiar landmarks en 
route, flying over the locality in spirals and gra- 
dually widening the circles. In short, they are 
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searching in a spiral-like way. They do not fly 
straight as indicated by their inner compass, but, 
scattering in different directions, are circling over 
the fields and forests until they catch sight of a 
familiar landscape. But a circular route, natural- 
ly, takes a much longer time than a direct route. 

The theory of random search, however, is now 
losing its last supporters. Although birds spend 
fairly long time when returning home, yet this 
time is not as long as it would have been in a 
spiral flight. In addition, some other observa- 
tions have failed to confirm this conclusion. 

It is known, for example, that many birds du- 
ring their spring and autumn migrations are en 
route not more than three to four hours a day, 
covering about 100 kilometres or about 200 ki- 
lometres at best. But very often they fly even 
slower. A certain singing thrush, for instance, mo- 
ved only 2,160 kilometres southward in 54 days, 
making forty kilometres a day on the average. 
A finch moved from one grove to another even 
slower—17.4 kilometres daily, and a sparrow- 
hawk moved only at a speed of 12.5 kilometres 
a day. 

Ornithologists have drawn the conclusion, wri- 
tes Dr. G.V.T. Mathews in his fascinating book 
Bird Navigation, that during their migrations 
birds fly at leisure, at a definite daily speed 
which can be considered the speed of their re- 
turning home during experimental change of 
habitat. 

While en route the birds feed, rest, clean them- 
selves—which also takes quite a lot of time. 
Riippel says that starlings he had released not 
far from home did not start on their way back 
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at once, but leaped from one tree branch to an- 
other for a long time. In a similar situation sea- 
gulls were cleaning themselves and bathing and 
seemed not to be anxious to go home at all. 
They were doing it so long that the observers 
got tired of waiting for them to start on their 
journey home. They left them on the sand-bar 
and went away. 

Birds soaring into the sky when setting on 
their course are often circling over the same 
spot for a long time in search of air currents in 
a desired direction. Gannets are not in a hurry 
to reach home for a different reason. Although 
they are daytime birds they usually avoid com- 
ing back to their burrows in the daytime for fear 
of large sea-gulls. The latter attack and beat 
them forcing them to belch out all fish they have 
swallowed. The robbere dexterously catch it in 
the air unti] it has even reached the water. The- 
refore, having reached their nests, the gannets 
keep off the shore until complete darkness. That 
is how it comes about that these birds, carried 
far away from home and released in the evening, 
land near their burrows the very next night, 
having flown hundreds of miles in a matter of 
a few hours, which is clear proof, as Dr. G.V.T. 
Mathews says, that they fly directly over an un- 
known locality. 

Gannets released in the daytime or in the mor- 
ning also come by night, spending twice and 
even three times as much time on the same route. 

These and many other observations which will 
not be mentioned here prove that the theory of 
spiral search is wrong. If certain birds do fly at 
times in circles over the place where they are 
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released, they do it for different reasons. It may 
happen that they are really have to search for 
their home, but this usually occurs not far from 
it, when a circular search may quickly lead them 
to familiar landmarks or when the latter have al- 
ready been found and they only need to examine 
them better. Self-navigation to home from far- 
removed localities always proceeds along a stra- 
ight course. 


DO THE VETERANS SHOW THE WAY? 


Ornithologists have long since abandoned this 
idea although at one time it was commonly be- 
lieved that young birds were guided on their 
way to the southern countries and back by older 
birds. Now we know that with many feathered 
species the young ones, as soon as they have lear- 
ned to fly, start on their southbound journey on 
their own, without their parents and even adult 
birds in general. This is done, for example, by 
starlings and red-backed shrikes. Young cuckoos, 
grown up by song-birds, don’t even ever see their 
parents and leave for Africa much later than 
their adult kin, which hover about Mt. Kiliman- 
jaro as early as August. 

New Zealand bronze cuckoos winter on the 
Solomon Islands and the Bismarck’s Archipela- 
go. Young cuckoos which have not yet reached 
one year of age fly there much later than do ol- 
der birds, and first head northwest—to Austra- 
lia. Along its eastern coast they move northward 
and then turn north-east into the open ocean. 
There among its blue waves, they find a few small 
islands which their ancestors took a liking to in 
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ancient time and only here do they meet their 
carefree parents. It is simply beyond understand- 
ing how they find these islets lost in the vastness 
of the ocean. 

Of course, there are quite a few birds which 
travel to the south ih families and in mixed 
flocks, young birds flying side by side with old 
ones. Such are storks, geese, swans and cranes, 
Perhaps they are shown the way by veteran 
fliers? 

A few thousand young white storks were caught 
where they had grown up until the time when 
all their relatives had left this locality. There 
the captives were banded, and set free. They 
immediately headed south-east, that is where 
adult storks from the Baltic region winter. 

Young storks from Eastern Germany, however, 
were taken to the Rhine. At this time all local 
birds had already left for the south. The East 
German emigrants headed for their winter habi- 
tats by their former south-eastern course—to the 
Adriatic, while it is known that Rhine storks 
fly for winter south-west—to France. 

Gray crows nesting in the Soviet Baltic area 
usually winter in Northern Germany. Once in 
spring 900 young crows were caught on the Kursch 
spit near Kaliningrad. They were already mov- 
ing slowly to their homeland—Latvia and Esto- 
nia, where they had hatched the previous sum- 
mer. The captives were taken to Denmark. Later 
these crows were found in Sweden. It means that 
in their new place, too, they continued their flight 
in the north-eastern direction and, naturally, 
found themselves in Scandinavia instead of Lat- 
via. 
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Such experiments were carried out with many 
birds, with the same result: young birds, which 
had been carried away from their native places 
and which had never made any autumn flights, 
went nevertheless in the same direction as their 
parents had followed. This means they have an 
inborn sense of direction. Birds inherit from 
their ancestors the instinct of flying in autumn 
in a definite direction and over a definite dis- 
tance, therefore, in their travels they can do 
without the aid of their experienced guides. 

Still they are being guided when the young and 
the old are flying together. This has also been 
proved by experiments with transportation of 
birds to other localitics. For example, if young 
East German storks are released in West Ger- 
man regions at the time when the local storks 
bave not yet flown away, they will join the flocks 
of their relatives and head together with them 
south-west rather than south-east as young storks 
would have done if they had been left to them- 
selves. 

The same behaviour is displayed by starlings 
and many other birds. This means that a fledge- 
ling gets an indication where to fly for winter 
when still in the egg together with a series of 
other instincts; the experience gained during life 
and the force of example may introduce correc- 
tions into the inherited instincts. 

It is interesting to emphasize in this connec- 
tion that in the bird’s heredity the flight route 
is reinforced only in one direction—to autumn 
wintering habitats. In spring young birds usu- 
ally return by the same route which they had 
flown in autumn. Therefore, if the eggs or hatch- 
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lings are transferred to another locality and reared 
there, next spring they will not return to 
the land of their ancestors where they were born, 
but will fly where they were reared by people 
and from where they made their first flight to 
their winter quarters? With butterflies, howe- 
ver, for example, with the monarchs, the matter 
is different. Their young offspring born in the 
south irresistibly head for the north, to the land 
of their ancestors. This instinct and memory of 
the route are present in them since birth. 

However, it is not enough to have only an 
instinct to fly in a predetermined direction, it 
should be found by some landmarks. In short, 
they need a compass to check constantly on the 
chosen course. 

To understand the nature of this compass, ma- 
ny hypotheses were considered and, alas!, dis- 
carded. Among them the magnetic theory was 
widely popular even recently, particularly with 
journalists; the public at large also liked it. 


AREN'T THEY GUIDED BY THE MAGNETIC 
FIELD AND THE CORIOLIS FORCES? 


The idea that birds are possibly guided by the 
lines of forces of the Earth’s magnetic field 
was first expressed in 1855 by the Russian scien- 
tist Middendorf. Since then this idea more than 
once became for a time the object of heated de- 
bates among ornithologists. And comparatively 
recently some American magazines announced as 
a great sensation that it had finally proved pos- 
sible experimentally to find the presence in birds 
of a sense which guides them by the Earth’s 


281 


magnetic field (“compass direction”). This evi- 
dence, however, has convinced few people, it 
seems. 

In some experiments the birds were put in a 
strong magnetic field, irradiated with short wa- 
ves, bombarded with radar rays, or magnetized 
plates were attached to their wings, yet the re- 
sults either revealed their insensitiveness to elec- 
tromagnetic and magnetic fields or were at best 
uncertain. 

Then the Coriolis effect due to Earth’s rotation 
was recalled, which manifests itself when the 
body is moving on the earth surface or flying 
over it. 

It is hard to understand the nature of this 
effect without knowledge of higher mathematics. 
Its primary cause is the Earth’s rotation. Accord- 
ing to this effect, in the northern hemispheres 
any moving body tends to deviate to the right, 
and in the southern hemisphere, to the left. 

It was then supposed that this effect may 
also be responsible for deviating the fluid filling 
the semicircular canals of the bird’s inner ear, 
and the fluid, while deviating, is pressing on 
special sensory vibrissae. The force of this pres- 
sure varies with the flight direction, which in its 
turn may indicate the right course to follow. 

Indeed, the semicircular canals (which also ex- 
ist in the human ear) seem to be an ideal organ 
to respond to Earth’s rotation, judging from their 
anatomical structure. Mathematical calculations 
have shown, however, that theinfluence of forces 
caused by the Earth’s rotation on such low- 
powered “receivers” as the minute tubes in the 
miniature ear of a song-bird are will be even less 
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than Brownian movement. That is that the mo- 
lecules of fluid contained in the semi-circular ca- 
nals will move with greater strength and energy 
under the action of the constantly operating laws 
of thermodynamics than, under the influence of 
the Coriolis force. Thaf means that thelatter’s in- 
fluence will be completely suppressed by the. 
chaos of the thermal movement of the molecules. 

It was conjectured also that the bird might be 
capable of reacting to a combination of sensa- 
tions caused by the Coriolis effect and the Earth's 
magnetic field. Then its navigational sense wo- 
uld be based on a bi-co-ordinated system: the 
magnetic lines of force of varying intensity may 
replace the latitudinal system of co-ordinates and 
the Coriolis effect, the longitudinal system. 

It was also attempted to put on the map a net 
of intersecting lines of forces of these two sys- 
tems, and it was found that at places they were 
almost parallel to each other, and at places even 
intersecting. This means that in the chosen sys- 
tem of co-ordinates there will be not one but se- 
veral points with identical or very similar gra- 
dients, i.e. “addresses” by which a bird should 
search for its home. 

This is what prompted some investigators to 
check experimentally the reaction of homing pi- 
geons to identical addresses so that to do away 
for good in the case of a negative result with the 
hypothesis of a combined maguetic-rotational 
sense. 

Birds from a dove-cot placed in one of the 
points of intersection of magnetic lines with iso- 
dynes of Coriolis were released near another in- 
tersection of the same two lines, i.e. near the 
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place “duplicating” the “address” of the dove- 
cot. If the birds had oriented themselves as it 
has been supposed by the authors of this hypo- 
thesis they would have most probably flown by 
the nearest, i.e. wrong address, or at least they 
would have hesitated where to fly. Yet they ne- 
ver hesitated, and headed straight for the dove- 
cot. They were behaving so that it was clear they 
had no idea of the second address. 

Thus, science refuted one after another all the 
hypotheses which attempted to explain one of 
nature’s greatest mysteries. As far back as 1942 
a certain scientists who had worked quite a lot 
on this problem wrote: “Thus we don’t yet see 
the way that would take us closer to the solu- 
tion of this riddle”. 

So tar we have only a not too pleasant need 
to refute fantastic, far-fetched hypothesis and 
clear the way to truth from among this rubbish. 

Several years after Dr. Kramer started his in- 
genious experiments which helped, at last, to 
find the right way out of this tangle of rejected 
hypotheses. 


KRAMER’'S EXPERIMENTS 


This was first guessed by the German biolo- 
gist Schneider. In 1906 he wrote in an article 
on pigeons that possibly birds took their bearings 
from the sun, but none of his contemporaries gave 
it any serious thought. And, as it often occurs, a 
correct idea appeared too fantastic to many. 
From time to time the idea of solar navigation 
was discussed in scientific literature, but before 
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Kramer* no one had attempted to check this 
experimentally. 

It has long been noticed that song-birds, for 
example, starlings, warblers and shrikes, even 
when kept in a cage, become very restless when 
the time comes to fly td the south or, on the con- 
trary, to the north in springtime. In this period 
they are usually sitting on a perch, their heads 
turned in the direction of a possbile flight, that 
is where their like are now flying over forests 
and fields and where they themselves would have 
gone if they had been set free. The birds are flap- 
ping their wings in excitement as though it is 
unbearable for them to sit in one place and 
sometimes dart away from their perches but are 
hindered by the cage bars. 

Even when sitting in a cage birds are not mis- 
taken about the choice of the right direction. 
Kramer decided to check whether the birds would 
behave differently on sunny and cloudy days: 
when they see the sun and when they don’t. 

He designed a round cage made wholly of 
metal net, 70 centimetres in diameter. It was 
placed in a small pavilion shut off from all sides, 
but with six windows made at the top of it. The 
birds contained in the cage suspended inside the 
pavilion could see only the sky and nothing else. 
The pavilion was mounted on wheels and easily 
turned about its axis. The observers lying in it 
were watching the birds’ behaviour. 


* This talented scientist died a tragic death in spring, 
4959, in the Calabrian Mountains, Italy. Kramer was 
observing wild pigeons and fell from a cliff. The world's 
scientific circles were shocked by the news of his death. 


285 


And they saw that when the skies were over- 
cast, the starling was flying and leaping about 
the cage in every direction. But as soon as the 
clouds had dispersed and the sun had Jooked out 
from behind the clouds, the bird’s behaviour 
changed immediately. The starling’s every mo- 
vement was now in one direction—north-west. Its 
activity, as specialists put it, was strictly orien- 
ted. 

Then a mirror was attached to every window of 
the pavilion, and each of them was so turned 
that the sunlight began to fall on the cage from 
another angle—from the south-east rather than 
south-west. Immediately the starling’s directed 
orientation deviated from the former by the sa- 
me angle. The bird turned south-west although 
it had just been unable to draw its gaze from the 
north-west. 

The mirrors were then again turned at another 
angle, and the starling on the perch also turned 
where it had been expected to. 

This was a simple and doubtless proof that in 
choosing the right direction birds orient them- 
selves by the sun. They should see the sun or at 
least the part of the sky nearest to it within the 
limits of the arc of thirty to forty degrees. The 
clear sky far from the sun cannot serve as a 
guidemark, since in contrast to bees and other 
pees birds are not sensitive to polarized 
ight. 

Kramer published a report on his experiments 
in 1950, and immediately began another series of 
experiments. 

Twelve feeders (quite identical in design and 
set at an equal distance from one another) were 


286 


attached from outside around the cage. The star- 
lings were fed only from one of these feeders. 
Soon they got used to it and unmistakably found 
their feeder although it did not differ from the 
other eleven feeders. 

The only guidemark by which the feeder could 
be found was the sun, or rather its position in 
relation to the sun. When the sun was shaded, 
the starlings helplessly rushed from one feeder 
to another. When the mirrors changed the angle 
between the feeder and the direction of the sun- 
rays, the starlings flew to another feeder remo- 
ved from the first one exactly by the same angle. 

The experiments were repeated, the natural 
sun being replaced by an artificial one—a power- 
ful lamp supplied with a reflector, which travel- 
led along an iron rack attached to the ceiling. 
The results were the same. 

Then another amazing trait was noticed in the 
bird’s capacity to orient itself. 

It is known that during the day the sun is cons- 
tantly changing its position in the sky and, con- 
sequently, the position of the feeder with regard 
to it is different at any given hour. Nevertheless, 
the birds always unerringly find it as if they 
know how the sun’s position changes from hour 
to hour and take into account the correspondingly 
changing angle between the feeder and the sun. 

Even twelve-day-old fledglings reared in a 
deep starling box which have never seen the sun 
quickly learned how to orient themselves hy it, 
making the required corrections every hour and 
taking into account the movement of the guide- 
mark itself. 

This unexpected discovery could lead to only 
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one conclusion: the birds have the sense of time. 
This phenomenon is also called a physiological 
clock, which is anextremely precise time-keeper, 
and endogenous time counter. 

Here we should digress from our subject a 
little to talk about this clock without which 
solar navigation would have been impossible. 
Otherwise, if we fail to do it, it would be difficult 
to understand the further explanation of experi- 
ments and the theory of sun navigation. 


THE PHYSIOLOGICAL CLOCK 


Bee-keepers have long known that if the bees 
are fed always at the same time, they will “me- 
morize” the feeding hours and arrive to their 
“dining-room” strictly on time. If the weather 
is bad, however, and the day is no good for 
flying the bees will resume their visits to the 
feeders as soon as the sun becomes warm. If the- 
se bees are quickly taken by plane, say, from the 
Ukraine to the Altai Mountains they will be 
seeking their food there by local Ukrainian time. 
It is also common knowledge that many flowers 
open in the morning when insects pollinating 
them are flying in search of nectar. They open 
shortly before dawn as though knowing, as one 
scientist writes, that the sun will rise in a few 
hours’ time. And even if the flowers are taken 
to a dark room, they will open at a definite ti- 
me all the same. 

And, of course, everyone knows from his own 
experience that he may awaken when he wants 
without an alarm clock. Only a slight exertion 
of the will is needed to set to a definite time his 
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The pavilion in which Kramer carried out his famous 
experiments 


Kramer’s cage with twelve identical feeders around it 
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A map of Munich showing Nora's path. The first 
time she was taken to point A. She returned home by 
the path indicated by points A,-E,. A-E is the second, 
more straightforward return from point A. A,-E, is 
the third return from other unfamiliar quarters 


“brain clock” as this still unknown physiological 
mechanism is called by investigators, which awa- 
kens our mind at the required moment. In some 
people the “brain clock” works so accurately that 
they wake up a minute before the alarm clock 
starts ringing. be 

A man was placed for a few days in a silent 
tower where there was no clock and no sounds 
or impressions from the outside world, and his 
“brain clock” counted the time as usual. If they 
erred at all, it was not more than a quarter-hour 
in 24 hours. 

It works even more accurately under hypnosis. 
The operator says to the hypnotized subject: 
“You will awaken two hundred and forty minu- 
tes later and drink this glass of water”. And alt- 
hough there is no clock in the room where the 
experiment is being conducted, the subject wa- 
kes up exactly in two hundred and forty minutes 
and drinks the water. 

All these observations whose authenticity is 
doubted by no one today indicate that both 
plants and animals and human beings possess a 
kind of a clock, some cyclic physiological pro- 
cesses coinciding in time with the movement 
of the sun across the sky. In short, this is a sun- 
dial. 

The diurnal rhythms were discovered in plants 
as far back as the last century. What kind of rhy- 
thms are these? An intensive growth, spore for- 
mation and abstriction and closure of flowers at 
a definite time of the day or night. The leaves 
wilt at night, and rise, straining themselves, 
in the daytime. There are also other processes 
recurring day after day at the same hours. The 
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whole life of birds, fish, beasts, insects and 
worms—every living thing on earth—takes a 
different course at different times of the day or 
night: at a definite time they are asleep or se- 
arching for food, singing, digging their burrows, 
going to the watering-places, migrate to valleys 
or mountains. At strictly defined hours they des- 
cend to water depths, while othersemerge to the 
surface. Many insects even fly out of pupae at 
the same time, day after day, year after year. 

Another day or night comes, and the same diur- 
nal or nocturnal way of life is repeated. 

Its routine is inherited from birth. Since the 
first day they come into being all animals and 
plants begin to live according to the sun-clock, 
operating on some internal mechanism uncon- 
sciously adapting to it not only their metabolism 
and physiology but also their habits and the daily 
routine, as it were. 

But if the embryos of animals (and plant germs 
also) are kept in complete darkness or, on the 
contrary, continuously exposed to illumination, 
the animals when they are born (and the plants 
when they germinate) will not exhibit any perio- 
dic rhythms as though they have no physiolo- 
gical clock. But as soon as the newly-born crea- 
tures are exposed, even if for a moment, to a 
flash of light (if they have developed in darkness) 
or the light is put out for a second (if they have 
been continually illuminated), they will imme- 
diately display such a rhythm. 

Nobody knows why this occurs. Science has 
only just embarked on a real study of the me- 
chanism of the physiological clock, and much 
is still unclear in this field. This is so far explai- 
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ned as follows: evidently every cell of the orga- 
nism has its own physiological clock, but all of 
them first operate inco-ordinatedly. To reduce 
them to a single rhythm and synchronize them 
an external regulating stimulus is required, which 
will set all of them ir motion. In higher animals 
this stimulus is red light, in fungi and unicel- 
lular weeds, blue. 

In animals the operation of the inner time- 
keepers is sustained at the same rhythm by some 
special substances which are secreted into the 
blood by the glands. 

The following experiments were made with 
cockroaches. As soon as they had been beheaded 
they immediately lost the sense of time. Yet 
they did not die and ran about without their 
heads for many days. When a piece of tissue from 
the head of another cockroach was grafted to its 
beheaded companion, it immediately began to 
live according to the clock taken from the head 
of the donor cockroach. 

Then two cockroaches were joined together 
back to back: one of them with the head, the 
other, beheaded, and these newly-made Siamese 
twins began to possess a common sense of time, 
the same common clock formerly belonging to 
the cockroach with the head. 

In vertebrate animals (and in man) the work 
of the cell chronometers is governed, reducing 
them to a common denominator, as it were, i.e. 
uniform time, by the central nervous system, 
or speaking simply, by the brain. But the brain 
performs this function through special glands 
secreting hormones—regulating substances—into 
the brain. More than forty physiological and psy- 
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chic processes whose diurnal rhythm is controlled 
by hormones are already known. Adrenaline and 
the melanophorous hormone of the pituitary bo- 
dy, a tiny gland situated under the cerebral 
hemispheres, evidently play the principal part— 
the role of the spring—in the brain clock. The 
action of this spring is supposed to be as follows: 
day and night, light and darkness, alternating 
in strict succession, wind up the spring of the 
physiological clock. Through the eyes* light ex- 
cites to activity the sympathetic nervous sys- 
tem, and the latter ensures that adrenaline is 
secreted into the blood. Darkness excites the 
parasympathetic nerves and the pituitary body 
which produces the melanophorous hormone in 
‘larger doses than in the daytime. 

Rhythmic variations in the concentration of 
regulating substances coinciding in time with 
the sun’s movement across the sky—now resul- 
ting in greater production of adrenaline, now of 
melanophoric hormone—set the fashion for all 
other processes occurring in the organism, sub- 
jecting them to the same 24-hour cycle. On a 
mechanical clock each stretch of the day or night 
time is designated by a figure. In the physiolo- 
gical clock the role of this figure is played by a 
definite dose of the regulating substance. 

This dose itself, as we already know, varies 
with the alteration of light and darkness. Light 
is that external source of energy which winds 
up the inner clock of the inhabitants of this pla- 
-net. It is not superfluous to repeat this—so im- 
~"* But cockroaches, even when blinded, sometimes 


“wound up” their clocks if light and darkness alterna- 
ted regularly. 
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portant is the role of light in the processes under 
discussion. 

If normal diurnal alternation of light and 
darkness is changed then the endogenous clocks 
of animals (and plants as well) will begin to 
measure time in a n®w way. 

Such experiments have been made hundreds of 
times. For instance, rats, cockroaches, flies, pi- 
geons or kidney beans were exposed to light, say, 
for ten hours at a stretch, and then were placed 
for ten hours in complete darkness; their physio- 
logical clocks, already after a day or two of such 
treatment, a couple of weeks at the most, were 
fully reconstructed and adapted to a 24-hour 
day.* . 

Often it is even unnecessary to expose to light 
animals kept in darkness, it being enough to 
turn on the light each time for an hour or even a 
few minutes, and the physiological clocks of 
“test rabbits” will become wound up anew. — 

The following procedure was also employed: 
without disturbing the normal 24-hour rhythm 
the light was turned on only. six hours earlier 
when it was pitch-dark out of doors, or, on the 
contrary, when it was already broad daylight, 
and the animals had been kept in darkness for 
another six hours. Already in a few days’ time 
their physiological clocks. indicated a new time, 
being fast or slow by six hours. Both sleep and 
awakening and search of food and all the other 
external and internal manifestations of the ani- 


* The organism of a person having flown by air from 
America to Europe, or vice versa, takes 8 to 10 days 
to fully adapt his physiological rhythms to the new 
rhythm of alternation of day and night. 
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mal’s life activity began six hours before or after 
the former time. 

The physiological clock may be set back also 
by the action of a low temperature. 

Take, for example bees trained to fly at noon 
to a feeder with sugar syrup and keep them a few 
hours in the cold at a temperature of 0-5°C. On- 
ce they are set free they are sure to recall their 
trips to the syrup. But they will recollect it 
with as long a delay as is the number of hours 
they had been exposed to cold, and it is not until 
after the evening that they would come back to 
the feeders. 

“Experiments have shown”, writes Erwin 
Binning in a book summing up the results of all 
such experiments, “that after a prolonged expo- 
sure to cold the organism behaves as though the 
physiological clock had been in a state of rest 
during this exposure.” 

It was because it did not work in a frozen sta- 
te. 
“Freezing” achieves its purpose quicker than 
many days’ reconstruction of the internal rhy- 
thms by an abnormal alternation of light and 
darkness, to which scientists frequently resort to 
when experimenting with plants or with cold- 
blooded animals whose body temperature quick- 
ly rises or lowers when the air becomes warmer 
or colder. 

The reader should be warned in advance that 
science has as yet failed to produce a clear de- 
finition both of the nature and the operation of 
the physiological clock. Therefore, the cursory 
survey presented in the preceding chapters sho- 
uld be considered only a schematic and very 
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rough description of the action of the very in- 
tricate mechanics of nature’s chronometers. 

Nevertheless, the reader is now better prepared 
for understanding succeeding chapters. 


SUN NAVIGATION 


Now let us go back to the subject of starlings. 

When Kramer’s experiments had become kno- 
wn to ornithologists, certain scientists wanted 
to repeat them. By that time the study of the 
physiological clock also made considerable pro- 
gress. The German ornithologist Hoffmann deci- 
ded to use these achievements in his experiments 
with starlings. 

Hoffmann began with repeating Kramer’s ex- 
periment: he taught two starlings to find food 
in one of twelve identical feeders, orienting them- 
selves by the sun. Then the birds were confined 
for about a fortnight to a room in which an ar- 
tificial day and night had been created, lagging 
six hours behind the normal diurnal period. The 
“clocks” of the starlings also proved slow. When 
they were put into their open-air cage again 
they flew, when they became hungry, to the fee- 
der in which they had usually found food but 
failed to spot it though it was a clear day. They 
erred exactly by ninety degrees: the feeder was 
in the south, whereas they were seeking it in 
the west.* It was 3 p.m., and since their “clocks” 
were six hours slow, the starlings decided that 
now it was only 9 a.m., and so they had strayed 

* This was only with one of the starlings. The other 


one had its feeder on the western side and it sought 
it in the north. 
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far to the right. Indeed, in six hours the sun 
moves westward 90°, that is to the right if its 
course across the sky is observed. 

For another twenty-three days that the starl- 
ings were kept day and night exposed to light 
their “clocks” were wrong, and they made mis- 
takes in their search. Then the birds were placed 
in the open air, and within a fortnight their 
“clocks” caught up with the lost six hours, and 
again began to keep pace with the sun. 

Birds in which the inner chronometers were 
put six hours ahead erred in searching for the 
right course, deviating 90° leftwards. 

These experiments, which have been made 
with pigeons, warblers and shrikes, clearly in- 
dicate that in birds’ navigation the sun is the 
chief guide. Yet this guide does not stand still. 
One won't find the right way by it without 
knowing in which part of the sky it is present 
at every given hour. The birds are helped in this 
case by their good memory and the “pocket- 
watch” which nature has given to every living 
thing on earth. 

Dr. Mathews, a leading expert on birds’ navi- 
vation, writes that it is surprising that people, 
who had for ages taken their bearings from the 
sun, learned that birds do likewise only a few 
years ago. 

There is no doubt today that the feathered na- 
vigators use the same system of co-ordinates as 
do people, i.e. they find the right course by the 
position of the sun. However, it is not yet clear 
how they do it. Mathews’ hypothesis, which is 
the most elaborate, presents the matter roughly 
as follows. 


296 


If a bird has been carried by fate to a place 
south of its home, the sun in those latitudes is 
moving through the skies along a higher arc and 
is higher in the zenith above its head than at 
home. This means it should fly northward— 
where at noon the sun is not so high in the skies. 
The “robot pilot” puts it on the right northerly 
course. 

The path from north to south lies along the 
same course but in the opposite direction: the 
zenith is lower here so the flight should be direc- 
ted where it is higher. 

Of course, it does not always happen that the 
bird starts on its way at noon. Neither does it 
wait until the sun has reached the highest point 
in the orbit to take its bearings. Mathews holds 
that the bird extrapolates the movement of the 
sun over a short segment of the arc to the entire 
orbit, or, speaking more clearly, has a certain 
sense which enables it, after watching the sun 
movement for a minute, to determine the height 
of its zenith unmistakably. 

This is how the required latitude is supposedly 
searched for. The longitutide is found in a sim- 
pler way by what looks exactly like navigational 
techniques. 

It is known that at one and the same hour of 
standard (i.e. Greenwich) time the sun’s eleva- 
tion varies with different points on the earth. 
If we know the time at Greenwich the position 
of the sun will tell us whether we are west or 
east of Greenwich. For a bird its Greenwich is 
its home and its standard time, the indications 
of its built-in timekeeper adjusted to the rhythm 
of the sun’s movement over its home. This me- 
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ans that if in the locality from which it has to 
find its way home the sun is late—being lower 
in position before noon and higher than at home 
in the afternoon in the same hours according to 
its chronometer, consequently the unknown lo- 
cality lies west ofits home and it should therefore 
fly eastwards. If the sun moves faster than the 
bird’s physiological clock, this means it was 
wound up in the west, which is where its course 
should be directed. 

Such is the theory offered to explain the ama- 
zing facts obtained by experimental biology. This 
is, of course, a very primitive exposition of it, 
taking into consideration only its general prin- 
ciples. How true this theory is will be shown 
by future investigations. 

It remains to say a few words about birds mi- 
grating at night and resting in the daytime. A 
fairly large number of such birds are known. 
Garden warblers, blacklcaps and red-backed 
shrikes are also night travellers. As mentioned 
above, in experiments with a mirror and an ar- 
tificial sun they behave like starlings showing 
their ability to orient themselves by the positi- 
on of the sun. Mathews writes that it is impro- 
bable for such an intricate adaptive mechanism 
as sun navigation to be so developed yet practi- 
cally unused. Nothing is done by nature aimless- 
ly. Evidently, although these birds travel at 
night they orient themselves by the sun all the 
same. They are supposed to choose the right 
course at sunset and keep it in memory through 
the night. 

That this is really so is proved by some obser- 
vations, Once Kramer released one blackcap and 
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two greater whitethroats near a large city long 
after the sunset, in darkness. The birds took the 
city lights for the sunset and flew in the wrong 
direction. When, however, the birds were set 
free in the same place before sunset they oriented 
themselves correctly ahd were not misled by the 
city lights. 

However, blackcaps and garden warblers pur- 
sue the right course even without seeing the sun- 
set when the stars are bright at night. Thick 
clouds and a too bright moon are a hindrance to 
them. Evidently, they can orient themselves by 
stars in addition to the sun. Experiments made 
in a planetarium have confirmed this conjecture. 

The theory of sun navigation is a great triumph 
of scientific thought, yet not all of the positions 
won in this battle by science have been firmly 
reinforced by human-knowledge. Scientists are 
still unable to explain how birds crossing the. 
equator continue to orient themselves by the 
position of the sun. This is the weakest point 
in this theory. Indeed, a bird flying in the di- 
rection of the sun is heading southward. When 
it has crossed the invisible line of the equator, 
the sun will be behind its back. Now, to continue 
on its southerly course, it has to fly away from 
rather than toward the sun. Is it possible for 
the instinct to change so rapidly as to enable the 
bird to adapt itself immediately to seeing its 
guide in the northern instead of the southern half 
of the skies? Besides, its movement from left to 
right customary for the eyes will now be diffe- 
rent—from right to left, counter-clockwise. 

Observations on bees living in the tropics have 
thrown a little light on this question. 
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When bees had been taken from the northern 
hemisphere to the southern one, their physiolo- 
gical clocks helped them to take their bearings 
just like in their native land, adjusting their 
flights for nectar and back to the hive to the 
clockwise movement of the sun. In this hemi- 
sphere, however, the sun was traversing the sky 
in the opposite direction. 

This interfered with all their flight plans. Even 
bees born in the southern hemispheres, but of a 
queen brought from the north, and hybrid bees 
(offspring of this queen and local drones) erred 
in their orientation. 

Yet bees inhabiting the tropics behaved quite 
differently. They were taken across the equator 
and they quickly adapted themselves to the 
“strange” behaviour of the sun in their new 
place. In eight days’ time the young bees alrea- 
dy “knew” the direction of the sun movement, 
oriented themselves correctly and informed other 
bees of their course by their dances. 

This means that animals with less complex 
organisms than those of birds can re-adjust all 
their navigational reflexes to new conditions 
within a matter of a few days. This possibly oc- 
curs with birds as well. 


WHO ELSE IS GUIDED BY THE SUN? 


Some animals seem to learn the methods of 
sun navigation gradually, taking the sun as their 
guide not at once but after a time, when they 
have got used to the timetable according to which 
this thermonuclear ball rolls across the skies. 


300 


For instance, in spring yellow forest ants are 
still unaware that the sun is a moving guide- 
mark. During summer, by autumn time, they 
firmly learn this fact. But if a forest ant is cove- 
red with an opaque ,cap for a certain time in 
spring, it will choose the wrong course as soon 
as the cap is removed. It seems that while being 
kept in darkness, it was unable to learn that the 
sun had moved westward during its confinement. 
When it saw white light again, it began to run 
at the former angle to the sun and, naturally, 
lost its way. This does not happen in summer 
and autumn because the ants “know” already 
that the sun does not stand still, while their 
inborn chronometers help them to make the 
required correction no matter how long their 
forced delay may have been. 

Thus, ants also find their bearings from the 
sun. Yet probably not all of them can do so: 
some species have not exhibited such abilities 
despite all the efforts made by experimenters. 

The wolf-spider, called Arctosa perita in scien- 
tific classification, lives on river banks and lake 
shores. When thrown into water, it swims di- 
rectly to the shore where it was captured however 
far it may have been taken. 

Papi, an Italian investigator, used to take 
this spider to the opposite river bank and threw 
it into the water there. The spider would swim 
with all its strength to the bank but, strange 
enough, not to the nearest bank from where it 
had been thrown but to the one where it had been 
born and lived. Risking its life it would swim 
against the current. 

The spider recognized its native bank from 
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the position of the sun. Papi proved this by dis- 
torting the position of the sun by means of a 
mirror. Then the spider was subjected to the same 
tests as starlings. After it had been kept in the 
dark for many days, its physiological clock 
went wrong and so it could not decide which 
bank was its home by watching the sun. The ab- 
normal alternation of artificial day and night 
experienced the day before also confused it. 

The beach fleas and sand hoppers, jumping 
like grasshoppers over sea beaches, are similar to 
the Arctosa spiders not only in their attraction 
to large water spaces; they also find their home 
by the sun position. 

These sand hoppers like to travel, and have 
more than once been found on dry ground far 
away from the sea. One sand hopper was once 
captured even on a high mountain. True, it had 
not yet reached the summit and was caught on 
its way to it, at an altitude of more than a thou- 
sand meters above sea level. 

The beach fleas have excellent capacities for 
navigation. In laboratories they were not infe- 
rior to starlings in finding the right course by 
the sun. They were invariably lured by the sea, 
so no matter where sand hoppers had been released 
they immediately headed for it by the shortest 
route. But this took place in their native land, 
Italy. When they had been taken to the Argen- 
tine, however, they lost their way: their chrono- 
meters still worked according to European time, 
regardless of the local sun and only misled them. 

Some investigators suppose that sand hoppers, 
as well as octopuses, crabs and other sea animals, 
unmistakably find their way to the sea (when 
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swept by waves to land), guided by sea noises— 
infra- and ultrasounds inaudible to man. 

To verify, at the same time, this hypothesis, 
too, several hundred beach fleas were kept in a 
laboratory in the conditions of artificial day and 
night, each period—light and dark—alternat- 
ing every twelve hours. These man-made day 
and night, however, lagged twelve hours behind 
the natural ones. It was day out-of-doors and 
night in the laboratory, and vice versa. 

When the fleas had been released not far from 
the sea, they started running right from instead 
of toward it. No sea noises helped them—the 
physiological clock was slow by half-a-cycle: 
their sense of direction was half-a-cycle, 180°, 
lagging behind the sun too. The control group 
of fleas, not exposed to treatment with light and 
darkness and released simultaneously, hopped in 
the right direction—straight to the sea. 

Experiments with crayfish, crabs, spiders, lo- 
custs and other animals finally confirmed the 
triumph of the theory of sun navigation. Almost 
every animal subjected to tests sooner or later 
exhibited a fairly good ability to orient itself 
by the sun. It seems to be a universal phenome- 
non in migrating animals to entrust their fate 
to the sun when getting under way. Possibly 
whales in the oceans, fishes and seais crossing 
sea latitudes in spring and autumn in no smaller 
legions than birds, the northern deer, antelopes, 
lemmings and other nomads of the steppes, forests 
and seas are treking and swimming across our 
planet, keeping an eye on the sun in the skies 
and listening in to the “ticking” of their chrono- 
meters. 
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It will not be long before new investigations 
will show whether this is so. 


ALSO BY THE SUN? 


Lemmings seem to have never been subjected 
‘to tests to check their skill in orientation. But 
other small rodents—North American white-leg- 
ged mice*—have passed such examinations with 
flying colours. 

They do not undertake large-scale excursions, 
and usually keep within a distance of fifty me- 
tres from their burrows. Zoologists marked these 
mice and released them near their burrows around 
which lines of traps had been set in concentric 
circles—one at a certain distance from another. 

None of the mice was caught in traps set be- 
yond the fifty metres’ range. 

However, these tiny white-legged mice, which 
are usually such stubborn stays-at-home, when 
taken far from their burrows and released in an 
unknown locality, found their way home from 
very long distances (compared with their own 
size). In one experiment, of the forty nine mice 
released a mile from their burrows five were 
soon again captured near them. One mouse fo- 
und its way home from a place two miles away, 
another, from two and a half miles. But from 
a four-mile distance none of the mice returned. 

The most interesting fact in this experiment 


* Although they are called mice and look very much 
like mice tev are in fact hamsters. Of the genuine mou- 
se species only house mice live in America where they 
had come with Europeans. 
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A fishing bat hovering low above water locating fish 
with its perfect sonar 


The prey has been located, the claws are quickly put 
into the water and now the fish is already in the bat’s 
mouth 


A fish with a radar—gymnarchus. Note the undulatory 
vibrations of its spinal fin: the waves passing along il 
move this strange fish head or tail forward with equal 
ease 


The guacharo, a bird with an echo sounder 


is that the animals which had successfully comp- 
leted their two- and one-and-a-half mile cross-co- 
untry race were very young, two-month-old mice. 
They had just begun to explore the environs of 
their burrows and certainly had little idea of 
the terrain even in the immediate vicinity of 
their homes. Nevertheless, they came back 
home from such a distant place. 

Experiments with field voles carried out in 
Austria have shown that displaced rodents cover 
a distance of three hundred metres in ten to 
fifteen minutes, making 1,200 metres an hour. 
This means that they go along a straight course, 
without wasting their time on searching familiar 
landmarks, but run home straight and fast as 
soon as they are free. Yet we don’t know how 
they find the right way. Take note of the straight- 
away course they follow and the comparatively 
long distances covered by field voles in unknown 
forests and fields. Perhaps they are helped by 
the sun too? 

It is beyond doubt, however, that bats are not 
aided by the sun in their orientation. Once Dr. 
Hisentraut, a great expert on chiropters, mar- 
ked many thousands of bats. Then they were 
taken to different countries of Europe. Many of 
them were soon caught again in the same caves 
and even in the same places under the ceiling 
where they had first been captured. One bat re- 
turned home from Lithuania where it had been 
transferred from a small hole in the ground; it 
covered a distance of some 750 kilometres and 
still found its hole. 

Norbert Casteret, a well-known cave explorer, 
experimented with long-eared bats of another 
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species—Plecotus auritus. From their caves in 
the Pyrenees he took them to different towns 
of France. The bats quickly returned home from 
towns within a distance of 200 kilometres from 
their Pyrenean caves. A 400-km distance pro- 
ved insuperable for them. 

Bats usually leave their caves, crevices and 
tree-hollows, in which they are asleep all day 
long, approximately half-an-hour after sunset and 
return to their shelters before sunrise. This me- 
ans that they never see the sun. But to make up 
for it, they can feast their eyes on the star-stud- 
ded sky to their heart’s content. It seems that 
they most likely orient themselves by the posi- 
tions of constellations and planets like birds do 
by the sun. The elevation of the North Star 
above the skyline may indicate the latitude for 
them. The revolution of the celestial sphere about 
this “centre” of the Universe, taking place at 
each meridian according to its own time-table 
(compared with Greenwich time, i.e. the indica- 
tion of the physiological clock) can give the bat 
an idea of the longitude of the unknown locality 
from where it has to fly home. 

When searching for the right course certain 
birds are using the stars as guide-marks, of 
which there is hardly any doubt today. It is to be 
supposed that bats are hardly inferior to them in 
knowing the topography of the nocturnal sky. 

Much more can be told about the extraordinary 
skill of cats, dogs, and horses to find their home. 
Everyone has certainly heard a lot of different 
stories about it. One tomcat became so famous as 
to attract the interest of the press. It was reported 
to have come back to its former home in Camb- 
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ridge from Gloucester, a distance of two hundred 
and sixteen kilometres, which it covered in 
twenty-two days. This is a dubious story. I ha- 
ve taken cats far away from their homes many 
times, and none of them returned from a place 
more than eight kil6metres away. It should be 
kept in mind, however, that in animals the abili- 
ties vary just as widely as in human beings. 

Other facts verified by science, however, lea- 
ve no room for doubt. 

A dog called Maxel was taken by a rounda- 
bout way to a village where he had never been, 
six kilometres away from his home. For half-an- 
hour the abandoned dog was running aimlessly 
about the place where he had been left. The ob- 
server who was watching him secretly tells that 
the dog was extremly excited, breathed quickly 
and looked miserable. Then he suddenly turned 
his nose in the direction of home and started 
running almost in a straight line to his native 
village. The shortest route lay across the fields, 
but he made a small detour, choosing the road. 
Sixty-eight minutes later he was already yelping 
in front of his gate. 

The bitch Nora displayed even more remarkab- 
le abilities: she did not lose her way even ina 
large city, ran through several unknown districts 
and in two hours and ten minutes was already 
at home, having covered eight and a half kilo- 
metres through the streets and squares of Mu- 
nich. Although she more than once stopped off 
to play with other dogs she never went astray. 

Forty days later she was again taken there and 
abandoned, yet she was at home within thirty- 
five minutes, having found a shorter way. 
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In all experiments dogs returned home along 
a straight or nearly straight route. It took them 
no time to hit the right road and they followed 
the chosen course without hesitation. When meet- 
ing other dogs, they smelled each other, wag- 
ging their tails, according to the established ri- 
tual, played or fought, as the case might be. 
In excitement they often wandered rather far 
away from the chosen route. Yet neither chance 
meetings and acquaintances nor city traffic-or 
noise, or thousands of new odours prevented them 
from going straight home as soon as they were 
bored. 

Maybe the dogs were helped by the sun, too? 


RADARS AND THERMOLOCATORS 


THE RADAR OF MORMYRUS 


Among the numerous sacred animals of An- 
cient Egypt there was fish possessing quite uni- 
que abilities. 

This was the mormyrus, whose jaws were drawn 
into a small proboscis. The mysterious ability of 
the mormyrus to see the invisible seemed a su- 
pernatural miracle. The invention of the radar 
helped to unravel this mystery. As is known to 
all, many fishes have electrical organs. A mor- 
myrus also carries a small “pocket battery” in 
its tail. The voltage generated by it is low—only 
six volts—but this is quite enough. 

Every minute the radar of a mormyrus emits 
from eighty to 100 electrical pulses into the sur- 
rounding space. The electromagnetic waves ge- 
nerated by the discharges of the “battery” are 
partly reflected by the surrounding objects and 
return to the fish as an echo. The “receiver” cat- 
ching the echo is lodged at the base of the spi- 
nal fin of this amazing fish. A mormyrus “feels” 
the surroundings. with the aid of radio waves. 

A report on the unusual powers of the mormy- 
rus was made in 1953 by the East Africa Institute 
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of Ichthyology. Workers of the Institute noticed 
that the fish kept in an aquarium became rest- 
less as soon as an object with a high electrical 
conductivity, for instance, a piece of wire, had 
been put into the water. It looked as if the mor- 
myrus was capable of sensing changes in the 
electrical field generated by its electrical organ. 
The fish was examined by anatomists. Paired 
branches of large nerves were found to pass 
along its back from the brain to the base of the 
spinal fin where, ramifying into thin branches, 
they terminated in tissue formations at equal dis- 
tances from one another. It is evidently there 
that the organ receiving reflected electromagnetic 
waves is lodged. A mormyrus with severed ner- 
ves supplying this organ lost its sensitivity to 
electromagnetic radiation. 

The mormyrus lives on river and lake bottoms, 
feeding on insect larvae which it takes out of the 
silt with its long jaws. When searching for food 
the fish is usually veiled with a thick cloud of 
stirred silt and sees nothing around. Ship masters 
know from their own experience how important 
a radar is under such conditions. 

The mormyrus, however, is not the world’s 
only “living radar”. A wonderful “radio eye” 
has also been discovered in the tail of South Ame- 
rican electrical eels whose “storage batteries” 
generate a record current voltage—up to 500 
volts—and, according to some data, up to 800 
volts. 

The American investigator Christopher Coa- 
tes, after a series of experiments carried out in 
the New York aquarium, arrived at the conclu- 
sion that the small warts on the head of an elec- 
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trical eel are radar aerials. They receive electro- 
magnetic waves, reflected from the surrounding 
objects, which are emitted from the end of the 
eel’s tail. The sensitivity of the radar system of 
this fish is so great that it can evidently deter- 
mine the nature of all objects that happen to be 
within the reach of its radar. If it is an edible 
animal the electrical eel immediately turns its 
head toward it. Then it brings its powerful 
electrical organs of the front part of its body into 
action, throwing “lightnings” at its victim, and 
then leisurely devours its prey killed by an elec- 
trical discharge. 

In the same rivers where electrical eels are 
dozing at the bottom, graceful knifefishes—the 
Eigenmannia—scurry in the weeds. They are a 
strange sight because they have neither spinal nor 
tail fins (except for a naked, thin spire at the 
tail). Their behaviour is also unusual, the tail 
spire turning in every direction as though smel- 
ling something. Before climbing under a snag 
or into a cave on the bottom, they first thrust 
their tail into it, and then, if this exploration 
has yielded positive, so to say, results, do they 
squeeze in themselves. But they climb in with 
their tails forward instead of their heads. It seems 
that they trust their tails more than their 
eyes. 

The reason for this is very simple: at the tip 
of the thread-like tail of the Eigenmannia scien- 
tists discovered an electrical “eye” like that of 
the mormyrus. 

Gymnotids, American tropical fish looking very 
much like the Eigenmannia, probably also have 
radars, although this has not yet been proved. 
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Recently Dr. Lissman of Cambridge again be- 
came interested in electric catfish inhabiting Af- 
rican rivers, which has long been studied by 
zoologists. This fish, capable of generating a 
current of up to two hundred volts, hunts at 
night. But it is very “short-sighted” and poorly 
sees in the dark. How does it find its prey then? 
Dr. Lissman has proved that like an electrical 
eel the electric catfish uses its powerful “storage 
batteries” as a radar. 

The supposed electrical location system has 
been studied more or less thoroughly in the fol- 
lowing fish species: Mormyrus kanumae (basin of 
the Nile up to the upper reaches), Gymnarchus 
niloticus (rivers of Central Africa), electrical 
sheat-fish Malapterus electricus (rivers of Central 
and West Africa), electrical eel Electrophorus 
electricus (rivers of Guiana, the lower and mid- 
dle parts of the Amazon River) and the Eigen- 
mannia virescens (rivers of South America from 
Guiana to Uruguay). Some biologists suppose, 
however, that possibly all electrical fishes in 
general, of which about a hundred species are 
known to live in the sea and fresh water, possess 
radars. 

And not only electrical fish for that matter; it is 
thought that even lampreys, which lack distinct- 
ly shaped electrical organs, nevertheless explore 
their surroundings with the aid of electricity 
accumulated in their muscles and locate fish to 
which they adhere by suction. At anv rate, it 
has been established that a lamprey generates, 
in some way, an electrical field around itself 
and reacts to all objects in this field, its reaction 
varying with their electroconductivity. 
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The “electrical” sense is used by some investi- 
gators trying to explain the strange fact that lam- 
preys causing great damage to commercial fish 
in fresh water are comparatively rarely parasitic 
on sea fish. In the sea they attack mostly fish 
caught in fishing nets’and sick fish. This is attri- 
buted to the fact that fresh water has lesser elec- 
troconductivity than sea water, for which reason 
sea fish allegedly feel from afar the electrical 
impulses generated by an approaching lamprey 
and have enough time to escape. Fresh-water 
fish, however, sense them with a delay, when the 
lamprey is already near, and have no time to 
flee. 

Moreover, perhaps fresh-water fish have not 
yet become adapted to these parasites and lack 
an adequately effective anti-radar system, which 
functions excellently in marine fish that have 
long been meeting with lampreys. Indeed, it 
is supposed that lampreys moved from seas 
to rivers comparatively recently, in the Ice 
Age. 

Human beings have no specific sense of the 
electrical field, but many animals do have it. 
It has long been proved that the tiny unicellular 
creatures—infusoria—invariably swim to the ca- 
thode in an electrical field experimentally pro- 
duced in water. Spermatozoa of mammals also 
“tend” to a definite electrical pole. But sperma- 
tozoa carrying male gametes swim to one side, 
say to the plus sign, while those loaded with the 
female X-chromosome, swim in the opposite di- 
rection, to the minus sign. 

This “inco-ordination” of their behaviour gives 
zootechnicians an excellent method for directing 
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the reproduction of animals in the required plane: 
either only males, for instance, rams yielding 
more wool than ewes, or only females, as milch 
cows. True, this requires artificial insemination, 
which is employed in modern stock-breeding on 
a growing scale. 

But one method or another, the problem of 
controlling the sex of the newlyborn will be 
undoubtedly solved in the near future. 

Fish also possess another unusual sense—per- 
ception of the slightest vibrations of water. _ 

Any movement causes waves in water. They 
propagate much slower than do radio waves, 
but, as it has been found, they can also be used 
to explore the surroundings. 

A chain of minute openings stretches along 
the fish body, from gills to tail, as though stitch- 
ed with a thin needle on a sewing machine. This 
wonderful tailor is nature itself, and the thin 
stitch is the lateral line of the fish. Each open- 
ing of this line leads to a microscopical cavity. 
It contains a sensory papilla connected by a 
nerve to the brain. The brain receives a corres- 
ponding signal through the papilla which res- 
ponds to water vibrations. In this way the fish 
learns of the approaching enemy. 

A blind fish moves about not worse than a 
seeing one. It never stumbles on obstacles. Once 
small fry were released into an aquarium con- 
taining a pike deprived of its eyesight. The pike 
was immediately on the alert. The papillae of 
its lateral line informed it that its prey was 
nearby. When the fry had approached it the pike 
darted out of its ambush and seized one of them. 
Though it did not see its target it did not miss 
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it. The lateral line is a very accurate spotting 
device. 

Organs sensing vibrations of water have also 
been found in tadpoles and tritons. In frogs, 
however, they are absent. 


CAN WE SEE HEAT? 


Naturalists have always been impressed by the 
acuity of vision in owls. They hunt small! rod- 
ents in the dark, catching dozens of them during 
the night. Perhaps owls, just as the animals 
described above, also look for their prey by means 
of some unusual sense? 

Some scientists suppose that owls can see the 
heat emitted by the body of their victims. Pos- 
sibly their eyes perceive infra-red, i.e. heat, rays 
invisible to the human eye. 

If a beam of light is passed through a prism, 
it will break up into its component rays of vari- 
able wave length and vibration frequency, which 
are perceived by the human eyes as the colours 
of the spectrum: red, orange, yellow, green, 
blue, dark-blue, violet. In addition to the rays 
visible to the human eye a beam of light con- 
tains invisible—ultraviolet and infra-red—rays. 
They can be discovered by means of various in- 
struments, for instance, a photographic plate 
(ultraviolet rays) and a very sensitive thermo- 
meter (infra-red rays). It has been found that 
infra-red rays are the thermal radiation of any 
heated body. 

Every living-mouse and every little bird also 
emit infra-red rays. A carnivore having such 
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lateral line in fish), and, finally, even air pumps 
supplying to the oral cavity oxygen said to be 
necessary for secreting venom. 

Thorough investivations carried out by anato- 
mists thirty years ago showed that the facial 
fossae of rattlesnakes are unconnected either 
with the ears or eyes or any other known organs. 
They are simply depressions in the upper jaw. 
At a certain depth from the entrance each pit 
is divided by a transverse septum (membrane) 
into two chambers: internal and external. The 
external chamber lies in front and has a wide 
funnel-shaped opening outside between the eye 
and nostril (in the region of the auditory sca- 
les). The posterior (internal) chamber is com- 
pletely closed. 

Later, however, it has been noted that it has 
a thin, long canal which opens up on the surface 
of the head, near the anterior angle of the eye, 
in an almost microscopic pore. Whenever neces- 
sary, however, this pore may evidently widen 
considerably: the opening is provided with cir- 
cular closing muscles. 

The septum (membrane) dividing the chambers 
is very thin (about 0.025 mm). It is pierced in 
every direction by thickly interwoven nerve- 
endings. 

It is unquestionable that these depressions are 
some unknown sense organs. But which ones? 

In 1937 two American scientists—D. Noble 
and A. Schmidt—published a large paper re- 
porting the results of their many years’ experim- 
ents. The authors asserted that they had found 
proof that these depressions were ... thermo- 
locators, which sense heat rays and determine 
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from their direction the position of the heated 
body emitting these rays. 

D. Noble and A. Schmidt experimented with 
rattlesnakes artificially deprived of all sense or- 
gans known to science. Electrical bulbs wrapped 
in black paper were Brought close to the snakes. 
While the bulbs were cold the snakes took no 
notice of them. But when the bulb became warm, 
the snake felt it immediately. It rose its head 
as though alerted. The bulb was brought still 
closer. The snake made a lightning-fast leap and 
bit its warm “victim”. Though the snake could 
not see, its attack was extremely accurate. 

Experimenters have found that snakes locate 
heated objects whose temperature is only 0.2°C 
higher than that of the ambient air (if brought 
close to the muzzle). They discover warmer ob- 
jects at a distance of up to thirty-five centi- 
metres. 

In a cold room snake thermolocators operate 
more accurately. They are evidently intended 
for a night hunt. Equipped with this spotting 
device a snake searches for small warm-blooded 
animals and birds. It is not the smell but body 
warmth that betrays the victim. Indeed, the 
snakes have a weak sight and sense of smell 
and are hard of hearing (though it is sometimes 
said that all the body of a snake is its ear). 
That is why a new, quite peculiar sense—ther- 
molocation—has developed to assist them. 

In D. Noble and A. Schmidt’s experiments 
the fact that the snake discovered the warm 
lamp was indicated by its leap. It is evident, 
however, that even before it attacked the snake 
had already been feeling the approach of a warm 
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object. Therefore, some other, more accurate 
factors should be found to judge the accuracy 
of the snake’s sense of thermolocation. 

The American physiologists T. Bullock and 
R. Couls carried out more elaborate experiments 
in 1952. They used the change in the biocurrents 
in the nerve supplying the facial pit, or depres- 
sion, as a signal that the object has been dis- 
covered by snake’s thermolocator. 

It is known that all the processes of excitation 
in the animal organism (and in man) are accom- 
panied by electrical impulses generated in the 
muscles and nerves. Their tension is. small, 
usually a few hundredths of a volt. These are 
the so-called excitatory biocurrents, which can 
be easily discovered by means of electrical meas- 
uring instruments. 

T. Bullock and R. Couls anesthesized snakes 
by injections of a certain dose of curare. One of 
the nerves ramifying in the membrane of the 
facial pit was separated from muscles and other 
tissues, taken outside and compressed between 
the terminals of an instrument measuring bio- 
currents. Then the facial fossae were exposed 
to various influences: light (without infra-red 
rays), substances with a strong smell brought 
at close range, excitation with loud sounds, vi- 
bration, and pinching. The nerve was insensitive, 
and biocurrent did not arise in it. 

But as soon as a headed object, even a human 
hand, had been brought close to the snake's 
head (at a distance of 30 centimetres) excitation 
appeared in the nerve immediately, and biocur- 
rents were recorded by the instrument. 

When the pits had been exposed to infra-red 
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rays, the excitation in the nerve became even 
greater. It showed the -weakest reaction upon 
exposure to infra-red rays with a wave length 
of about 0.001 millimetre. The longer the wave, 
the greater the nerve excitation. The greatést 
reaction was evoked °by the longest infra-red 
rays (0.01 to 0.015 millimetre), i. e. the rays 
carrying the maximum of thermal energy gener- 
ated by the body of warm-blooded animals. 

It has also been found that the thermolocat- 
ors of rattlesnakes locate not only objects warm- 
er than the ambient air but also those which 
are cooler. But it is very important that the tem- 
perature of these objects should be higher or 
lower than the ambient air, even if by a few 
tenths of a degree. 

The funnel-shaped openings of the facial fos- 
sae are directed obliquely forward. Therefore, 
the zone of the action of the thermolocator lies 
in front of the snake's head. Upward from the 
horizontal it occupies a sector of 45°C and down- 
ward, 30°C. Right and left of the longitudinal 
axis of the snake body the field of action of the 
thermolocator is limited by an angle of 10°C. 

The physical principle on which the snake’s 
thermolocator operates is completely different 
from that in the squids. 

Most likely, the thermoscopic eyes of the squid 
perceive the heat-generating object through pho- 
tochemical reactions. In this case, processes of 
the same type as in the retina or in a photograp- 
hic plate at the time of exposure are evidently 
taking place. The energy absorbed by the organ 
causes re-combination of light-sensitive (heat- 
sensitive in squids) molecules that act on the 
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nerve, producing the image of an object ob- 
served. 

Snake thermolocators operate differently—on 
the principle of a peculiar thermocouple. 

The delicate membrane separating the two 
chambers of the facial fossa is exposed to the 
action of two different temperatures from differ- 
ent sides. The internal chamber communicates 
with the external environment through a nar- 
row canal opening up on the side opposite to 
the working field of the locator. Therefore, the 
internal chamber has the temperature of the am- 
bient air (indicator of neutral level). The ext- 
ernal chamber, however, is directed through its 
wide opening—thermoreceiver—to the side of 
the object examined. The heat rays emitted 
by the latter warm up the anterior wall of the 
membrane. The sensation of the heat-generating 
object is produced in the brain by the difference 
in temperatures (perceived by the nerves si- 
multaneously) on the inner and outer surface 
of the membrane. ; 

In addition to pit vipers, organs of thermolo- 
cation have been discovered in pythons and boa 
constrictors (small pits on the lips). The small 
depressions over the nostrils in the African, 
Persian and some other species of vipers appar- 
ently serve the same purpose. 


LOCATING BY SOUND b. 


WHAT WAS THE PRIEST DOING ON THE BELFRY? 


In summer, 1793, early at dawn, the learned 
Italian priest and biologist Lazzaro Spallanzani 
climbed the bell-tower of the cathedral in Pavia. 
The dusk had just begun to clear away, and 
bats returning from their night flights, were 
hiding themselves into various cosy shelters under 
the vaults of the old tower. The priest was catch- 
ing and putting them into his bag. Then he climb- 
ed down and went home. - 

There he released his captives in a big room, 
in which an intricate network of thin threads 
was stretched from floor to ceiling all over the 
place. Before releasing a bat Spallanzani sealed 
its eyes with wax. And now winged shadows 
began to fly about the old hall. 

But none of the bats knocked against a thread. 
None of them. As though they could see without 
their eyes. 

Then Spallanzani set his prisoners free. Next 
day, early in the morning, he climbed the bell- 
tower and again caught a number of bats. Some 
of them were blinded—his captives of the day 
before. When he dissected them he found that 
their stomachs were full of mosquitoes. This 
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meant that these beasts had no need for eyes 
for a successful hunt. Spallanzani decided that 
bats possessed some peculiar, unknown sense 
which helped them to orient themselves in flight. 

The Swiss naturalist Charles Jurine learned 
about Spallanzani’s experiments and repeated 
them. Indeed, blind bats could fly not worse 
than seeing ones. Then he plugged their ears 
with wax. 

The result was quite unexpected: the bats co- 
uld no longer distinguish the surrounding ob- 
jects, and ran against walls as if they were 
blind. 

But why so? They could not see with their 
ears, to be sure. 

Having learned of Charles Jurine’s experim- 
ents, Spallanzani first thought it was all a mist- 
ake. So he decided to make sure of it. 

Spallanzani made a few thin copper tubes 
exactly fitting the size of the ear passages in 
bats. This was a painstaking job: he had to cast 
tubes less than one millimetre thick. The tubes 
were inserted into the ears of bats, and they 
flew about confidently, never striking an ob- 
ject. When the tubes had been plugged with 
wax, however, the bats lost their “sight” immed- 
iately. 

What was the matter then? Spallanzani knew 
about it not more than his critics. And the latter 
were quite numerous and all of them were mock- 
ing the inquisitive pries 

Georges Cuvier, the famous French anatomist 
and palaeontologist, the greatest authority in 
biological science in that period, also refused 
to believe that hearing had any role to play in 
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the orientation of bats. Cuvier advanced a rather 
ingenious hypothesis to explain from a different 
angle the mysterious capacities of bats. 

According to it, bats have a very fine sense 
of touch. The skin of the wings is particularly 
sensitive, so sensitivé that, when approaching 
an object, the bat feels the compression of air 
between it and its body. This means an obstacle 
in front. So the “pilot” changes its course. 

Cuvier’s hypothesis was accepted in scientific 
circles for more than a hundred years. It was 
not before the middle of the present century 
that the truth was finally established by means 
of modern devices. * 

In different countries scientists arrived at the 
solution of this interesting problem almost si- 
multaneously. 

Sven Dijkgraaf of the Netherlands decided to 
verify whether the tactile sense really helped 
bats to avoid obstacles. After he had severed 
the olfactory nerves of the wings the bats were 
still able to fly excellently. This means that 
olfaction had nothing to do with it. Then he 
deprived the bats of their hearing sense, and 
they seemed to have lost their eyesight immediat- 
ely. 

Dijkgraaf reasoned as follows: if the walls and 
objects encountered by bats in flight produce 
no sounds, this means that bats are doing it 


* True, as far back as 1912 Hiram Maxim, the well- 
known inventor of a mashine-gun, supposed that bats 
oriented themselves by the echo from the noise made 
by their own wings. On this principle, he was going to 
design an instrument warning ships of the approaching 
icebergs. an 
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themselves. The echo of their own voice reflected 
from the surrounding objects informs them of 
an obstacle on their way. 

Dijkgraaf noticed that before taking off a bat 
opens its mouth. Evidently, it emits sounds 
inaudible for the human ear, exploring the sur- 
roundings by means of them. In flight bats also 
open their mouths from time to time (even when 
they are not hunting insects). 

This observation led Dijkgraaf to the idea to 
make the following experiment. He put a paper 
cap on the bat’s head. The cap had a small door 
in front, which could open and close, like the 
visor in a knight’s helmet. 

When the door of the cap was closed, the bat 
was unable to fly without striking objects. But 
as soon as the visor had been opened in its paper 
helmet the beast was a different sight, and its 
flight was accurate and confident again. 

Dijkgraaf published his observations in 1940. 
And in 1946 the Soviet scientist Prof. A. Ku- 
zyakin began a series of experiments on bats. 

He plugged their mouths and ears with plast- 
icine and released them in a room in which ropes 
had been stretched along and across. Almost 
all of the bats were unable to fly. The experim- 
enter established this interesting fact: bats which 
had first been released in the room for a test 
flight with their eyes open “struck the panes 
of uncurtained windows many times and with 
a strong impact, like newly-caught birds”. 

This was in the daytime. In the evening, with 
an electrical lamp turned on, the bats no longer 
ran against the window-panes. It means that 
in the daytime when visibility is good, bats rely 
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on their eyesight more than on the other sense 
organs. It will be recalled, that many investig- 
ators were inclined to disregard the vision in 
bats completely. 

Prof. Kuzyakin continued his experiments in 
a forest. He put caps 6f black paper on the heads 
of a few common noctules. Now the beasts could 
neither see nor use their sonic range finder. The 
bats did not risk blind flying. They spread their 
wings in the air and landed on them like on pa- 
rachutes. Only a few most desperate ones flew 
at random. The result was sad: they ran against 
trees and fell to the ground. 

Then three openings were cut out in the caps: 
one for the mouth, and two for the ears. Now 
the beasts took off without fear. 

Kuzyakin has concluded that the organs of 
sound navigation in bats “can almost completely 
substitute for vision, whereas the tactile or- 
gans... play no role in their orientation and are 
not used by bats in flight”. 

A few years earlier, the American scientists 
D. Griffin and R. Galambos employed another 
method to study the mysterious abilities of 
bats. 

In their first experiment they simply brought 
bats close to sound hearing device. It became 
clear immediately that bats give out many sque- 
aks but almost all of them are in the range of 
frequences lying beyond man's hearing limit. 
This was reported by Donald Griffin later. 

Using electrical instruments, Griffin and Ga- 
lambos succeeded in discovering and examining 
the physical nature of bats’ “squeaks”. By insert- 
ing special electrodes into the internal ear of 
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test animals they determined the frequencies 
perceived by their organs of hearing. 

Other investigators also studied this problem. 
This is what they found. 


SOUND RANGING 


From the standpoint of physics, any sound is 
produced by vibrations spreading in waves in 
a resilient medium. 

The greater the number of vibrations of a 
vibrating body (or resilient medium) per second 
the higher the sound frequency. The lowest pitch 
of human voice (bass) has a frequency of about 
80 vibrations per second, or, as physicists say, 
its vibration frequency is 80 cycles per\ second. 
The highest pitch of voice (for instance, of the 
Peruvian soprano singer Ima Sumac) is about 
1,400 cycles per second. 

In nature and technology, sounds of even high- 
er frequencies—hundreds of thousands and even 
millions of cycles per second have been record- 
ed. An all-time record pitch has been registered 
in quartz—up to a thousand million cycles per 
second. The power of the sound produced by a 
quartz plate vibrating in a liquid medium is 
40,000 times that of an aircraft engine. But we 
cannot be deafened by this “terrific noise” bec- 
ause we don’t hear it. The human ear perceives 
sounds in the frequency range of only from 
16,000 to 20,000 cycles per second. Acoustic 
vibrations of a higher frequency are commonly 
called ultrasounds. It is by means of their waves 
that bats are exploring their surroundings. 
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Ultrasounds are generated in the bat’s larynx. 
Its vocal chords are taut like strings and produce 
sounds when vibrating. The larynx resembles 
an ordinary whistle in structure: the air exhaled 
from the lungs passes through it quickly, produc- 
ing a whistling sound’of a very high frequency— 
up to 150,000 cycles per second (inaudible to man). 

A bat can hold the stream of air only periodic- 
ally. Then it is expelled so forcibly as though 
driven by an explosion. The pressure of air 
passing through the larynx of a bat is twice 
that in a steam boiler. Not a bad achievement 
for a beast weighing only from five to twenty 
grams. 

In the bat’s larynx short-lived high-frequency 
sound vibrations—ultrasound impulses—are gene- 
rated. From five to sixty and in some species 
even from ten to two hundred impulses per second 
have been recorded. Every impulse, “explosion”, 
lasts only for two to five thousandths of a second 
(in bats of the Rhinolophidae family for five to 
ten thousandths of a second). 

The brevity of a sound signal is a highly im- 
portant physical factor. It is only this factor 
that enables echo sounding, i.e. orientation by 
ultrasounds. 

From an obstacle seventeen metres away the 
reflected sound returns to the bat approximately 
in 0.1 second. If a sound signal lasts longer than 
0.4 sec, its echo reflected from objects nearer 
than seventeen metres will be perceived by the 
bat’s organs of hearing simultaneously with the 
primary sound. 

And it is precisely from the time interval be- 
tween the end of the signal emitted and the first 
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sounds of the echo returned that the bat instin- 
ctively gets an idea of the distance to the object 
reflecting the ultrasound. 

That is why the sound signal is so brief. 

In 1946, the Soviet scientist E. Pumer advanc- 
ed a- very interesting conjecture to explain the 
physiological nature of echo sounding. He con- 
siders that a bat gives out a new sound as soon 
as it has received the echo of the preceding sign- 
al. Thus, the impulses are emitted reflexly one 
after another, while the stimulus evoking them 
is the echo perceived by the ear. The closer the 
bat comes to an obstacle the quicker the echo 
comes back and, consequently, the more fre- 
quent the new echo sounding Ssqueake™, given 
out by it. Finally, before the bat comes close 
to an obstacle, the sound impulses begin to 
follow each other in an extremely rapid succes- 
sion. This is an alarm signal. The bat instinctiv- 
ely changes the course of its: flight, avoiding 
the direction from which the reflected sounds 
return too quickly. 

Indeed, experiments have shown that before 
taking off a bat emits only from five to ten ul- 
trasound impulses per second. During a flight 
their frequency grows to thirty impulses per 
second. When approaching an obstacle, sound 
signals are emitted even faster—from fifty to 
sixty per second. When hunting nocturnal in- 
sects and overtaking their prey some bats give 
out even 250 “squeaks” per second. 

The echo sounder of bats is a top-precision 
navigational instrument: it can take the bear- 
ings even of a minute object with a diameter 
of 0.1 millimetre. 
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It was not before the experimenters had reduc- 
ed to 0.07 millimetre the thickness of the wire 
lines stretched in the room where bats were 
flying that they began to strike them in flight. 

Bats increase the tempo of echo sounding sig- 
nals when they are approximately two meters away 
from a wire: line. This means that they “feel” 
it with their “squeaks” at this distance. But a 
bat does not change its course at once, flying 
onwards right to the object and dodging it by a 
sharp flap of the wings only when it is a few 
centimetres away. 

Their natural sonars* help bats not only to 
orient themselves but also to hunt their prey: 
mosquitoes, moths and other nocturnal insects. 

In some experiments bats were made to catch 
mosquitoes in a small laboratory hall. They 
were photographed and weighed so as to see 
how successful their hunt was. One bat weigh- 
ing seven grams had caught one gram of insects 
in one hour. Another tiny bat weighing only 
three and a half grams was swallowing mosqui- 
toes so quickly that it grew heavier by ten per 
cent in a quarter-hour. A mosquito weighs ap- 
proximately 0.002 gram. This means that in 
fifteen minutes the bat caught 175 mosquitoes— 
one every six seconds. This is a fast performance, 
indeed. 

Griffin says that if it were not for its sonar a 
bat flying with its mouth open even all night 


* Sonar is an underwater echo sounder invented in 
the late thirties. It was effectively used during the last 
war to detect enemy submarines. Its name is an abbre- 
viation from “sound navigation and ranging”. 
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long would have caught, by “the law of chance”, 
only one mosquito, and even this would be pos- 
sible only when mosquitoes were in plenty. 


TYPES OF NATURE'S SONARS 


It was thought until recently that natural 
sonars were possessed only by small insectivo- 
rous bats, such as noctuids and noctules of Europe, 
whereas large fox bats consuming tons of fruit 
in the tropical forests reportedly lacked them. 
This is quite possible, but then certain fruit 
bats are an exception since they do posses echo 
sounders. 

In flight these fruit bats are continuously 
clicking their tongues. The sounds escape thro- 
ugh the mouth corners which are always slightly 
open. The clicks resemble clicking of the ton- 
gue made by people in disapproval. The pri- 
mitive sonar of the fruit bat, however, operates 
with sufficient accuracy, locating a one milli- 
metre-thick wire from a distance of a few metres. 

All small bats from the suborder Microchiropt- 
era, i.e. microchiropters, possess echo sounders. 
But these “instruments” vary in design. Rec- 
ently, investigators have singled out the fol- 
lowing three basic types of nature’s sonars: 
“whispering”, “scanning” and chirring, or mo- 
dulated frequency types. 

“Whispering” bats live in the American trop- 
ics. Like fox bats many of them feed on fruit. 
They also hunt insects, though not in the air 
but on plant leaves. Their echo sounding sig- 
nals are very short and faint clicks. Every sound 
lasts a thousandth of a second and is very weak. 
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It can be detected only by very sensitive instrum- 
ents. True, sometimes these bats whisper so 
loudly as to be heard by people. But usually 
their sonars operate in the frequency range of 
150 cycles per second. 

The famous vampfre bat is also a whisperer. 
Whispering its “incantations” it finds and at- 
tacks exhausted travellers in the rotting forests 
of the Amazon basin and sucks their blood. It 
has been noticed that dogs are rarely bitten by 
vampire bats: their keen hearing warns them 
of an approaching blood-sucker. The dog awak- 
ens and runs away. Vampire bats attack only 
sleeping animals. The following experiment was 
carried out. Dogs were trained to bark and arouse 
sleeping people as soon as they had heard: the 
“whisper” of a vampire. It is supposed that such 
canine “vampire-detector” will accompany fu- 
ture expeditions into the American tropics. 

Scanning sounds are emitted by bats of the 
family Rhinolophidae. Some of them inhabit the 
south of the USSR—the Crimea, the Caucasus 
and Central Asia. They are called horseshoe bats 
for the skin growths on the snouts, surrounding 
the nostrils and mouth in two horseshoe-shaped 
circles. These growths are not useless decora- 
tions: they are a kind of a megaphone directing 
sound signals in a narrow beam to the side the 
bat is looking at. The beast is usually hanging 
upside down, and, turning alternately right and 
left (almost by 360°), explores the surroundings 
with sounds. The hip-joints of a tropical horse- 
shoe bat are very flexible, enabling the bat to 
perform truly acrobatic turns. As soon as a mos- 
quito or a beetle gets into the operational range 
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of its sonar, the bat darts from its branch like 
a self-guided aircraft in pursuit of its prey. 

Moreover, this bat seems able to determine, 
using the Doppler effect well-known to physicists, 
whether its prey is moving to or from its point 
of vantage. The tactics of pursuit are changed 
accordingly. 

The Rhinolophidae bats give out very long 
(compared with “squeak” of other bats) and mono- 
tonous sounds when hunting. Every signal 
lasts a tenth or twentieth of a second and its 
sound frequency is stable, always equalling 100 
or 120 kilocycles per second (with some apycies 
60 kilocycles per second). 

Nevertheless, the common bats of Europe and 
their North American kin explore the surround- 
ing space with sounds of modulated frequencies, 
like the best models of sonars developed by man. 
Since the tone of a signal is constantly chang- 
ing the pitch of the sound reflected is altered 
too. This means that at any given moment the 
pitch of the echo perceived differs from the tone 
of the signal emitted. It is clear even to lay 
people that this makes echo sounding much 
easier. 

The lesser noctule begins its chirring* with 
a sound frequency of about 90 kilocycles, ending 
it with a note of 45 kilocycles per second. For 
the two thousandths of a second, while its “squ- 
eak” lasts, the signal runs through a frequency 


* This is how the vocal exercises of insects sound 
like. The sounds emitted by them also run through an 
equally wide frequency range in a small fraction of a 
second. 
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range that is twice as long as the entire range 
of sounds audible to man. Such frequency-mod- 
ulated “squeaks” follow at a rate of 10 or 20 per 
second. Approaching an obstacle or an escaping 
mosquito, a bat increases the frequency of its 
signals, emitting them at a rate of 200 signals 
per second. , 

Griffin writes that in one of convenient types 
of listening apparatus every high-frequency peep 
given out by a bat will be heard as a click in the 
earphone. If this apparatus is taken to a forest 
clearing where bats are hunting mosquitoes, 
then, when one of them will be flying past, not 
too hurried knocking sounds, like the noise of an 
old, lazy gasoline engine, will be heard in the 
earphones. 

But as soon as the bat has started pursuing a 
moth or decided to examine a pebble thrown 
up, pattering sounds will be heard. Now the 
sounds are following in rapid succession like 
the rattle of a motorcycle picking up speed. 

The moth noticed its pursuer and tried to. 
save its life by dexterous manoeuvres. Yet the 
bat is none the worse for it, and, describing in- 
tricate figures in the air, overtakes its prey, 
and now the sounds in the earphones are like 
the monotonous buzzing of an electrical saw 
rather than rattle. 

Relatively recently fishing bats were discov- 
ered. Their sonars also operate on modulated frequ- 
encies. Four species of these bats have already 
been described. They live in the American trop- 
ics. At dusk (and some of them even after noon) 
they fly out in search of prey and hunt all night. 
They hover low above the water, suddenly put- 
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ting their legs into it, catching a fish and swal- 
lowing it immediately. These chiropterian an- 
glers have long legs with sharp and curbed claws 
like in a fish hawk, their feathered rival, al- 
though not that large. 

Some fish-eating bats are called hare-lipped. 
Their cleft lower lip hangs down, and it is sup- 
posed that through this cleft a bat hovering 
over the sea is directing its sonic signals right 
down into the water. 

Having pierced a layer of water this “chirring” 
is reflected by the fish air-bladder and its echo 
returns to the fisher. Since the fish body cons- 
ists of water by more than ninety per cent, it 
is almost incapable of reflecting underwater so- 
unds. But the air-filled bladder is a screen suf- 
ficiently imperious to sound. 

When sound enters water from the air or, 
on the contrary, the air from water, it loses more 
than 99.9 per cent of its energy. This has long 
been known to physicists. Even if a sound falls 
on the water surface at right angles, only 0.12 
per cent of its energy spreads under water. It 
means that the bat’s signals, after a two-way 
passage across the border between air and water, 
should lose, because of the high tariffs existing 
here, so much energy that the sound will now 
be only one and a half millionth of its former 
intensity. 

In’addition, other losses will also be incurred: 
not all of the sound energy will be reflected by 
fish and only part of it will reach the ears of the 
echo-sounding bat after forcing its way into the 
air again. 

After all these speculations it is hard to believe 
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that the “air to water” echo sounding is not a 
myth but a reality. 

Donald R. Griffin calculated, however, that 
a chiropterian fisher receives back from the water 
an echo which equals one fourth of that received 
by a common bat’s sonar detecting insects in 
the air. This is not so bad. However, assum- 
ing that a bat’s sonar detects insects not from 
a distance of two metres, as he supposed in his 
calculations, but from two metres and eighty 
centimetres (which is quite possible) the intens- 
ity of the reflected signal will be the same in 
both—the fisher and the mosquito bats. 

Griffin says in conclusion that common sense 
and the first impression may be misleading when 
we have to deal with problems outside the sphere 
of common human experience, which is just the 
basis for what we call common sense. 


BATS MAY ERR, TOO 


Like people, bats can also make mistakes. 
This frequently occurs when they are tired or. 
have not yet fully awakened from their daytime 
slumber in a dark nook. This is proved by the 
crushed bodies of bats that hit the Empire State 
Building and other skyscrapers every night. 

If a wire line is stretched low above the river 
surface, bats will usually strike against it when 
descending to the water to quench their thirst 
with a few drops licked up in flight. They hear 
two echoes simultaneously: a loud one from the 
water surface and a weak one from the wire line, 
and, taking no notice of the latter, hit the wire 
line. 
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Accustomed to fly by their familiar routes, 
bats rely on their memory, disregarding the 
warning signals of their sonars. The same ex- 
periments as with bees on an abandoned air- 
field were carried out on them. All kinds of 
obstacles were put up on centuries-old routes 
by which bats would fly for a hunt every even- 
ing and come back at dawn. Nevertheless, they 
hit these obstacles although their sonars were 
operating and giving them warning signals. Yet 
they relied more on their memory than on their 
hearing. . 

Bats often make mistakes also because many 
of the insects they hunt have also been wise 
enough to develop their own antisonar systems. 

In the process of evolution, the insects have 
developed some systems of protection. Many 
nocturnal moths, for example, are covered with 
thick hairs. It is known that soft materials— 
down, cottonwool, wool—absorb ultrasound. The- 
refore, fluffy moths are more difficult to locate. 

Some nocturnal insects have developed organs 
of hearing sensitive to ultrasound which warn 
them of approaching danger. Caught within the 
operational range of a bat’s echo sounder they 
begin to dash from side to side, trying to escape 
from the dangerous area. Nocturnal butterflies 
and beetles located by a bat even resort to this 
tactical ruse: they fold their wings and drop 
to the ground and lie still there. 

In these insects, the organs of hearing usually 
perceive sounds within two different ranges: of 
low-frequency, in which their kin usually “conv- 
erse”, and of high-frequency, in which bats’ son- 
ars operate. 
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To the intermediate sounds (lying between 
these ranges) they are deaf. 


VOICES FROM THE ABYSS 


On March 7, 1949, in the afternoon, the rese- 
arch vessel Atlantic was listening in to the sea 
170 miles north of Puerto Rico. The ship was 
sailing over tremendous depths. Five-kilometre- 
thick layers of water filled this gigantic depres- 
sion in the earth. 

Suddenly loud cries were heard from the abyss. 
One cry, and an echo, then another cry and 
another echo. Many cries were heard at intervals 
of approximately a second and a half. Each of 
them lasted for about a third of a second, and 
the pitch of its tone was 500 cycles per second. 

It was calculated that an invisible creature 
was performing its vocal exercises at a depth 
of some three and a half kilometres. The echo 
of its voice was reflected from the sea bottom 
and therefore reached the ship’s instruments 
with a certain delay. 

Since whales do not dive so deep while crayfish 
and crabs do not produce so loud sounds, biol- 
ogists decided that it was some fish crying in 
the abyss. It was sounding the ocean with its 
voice, measuring its depth, exploring its sur- 
roundings and the bottom relief. 

Now few people think this idea improbable, 
because it has been established with certainty 
that fish who were long considered mute emit 
thousands of different sounds, striking their air- 
bladder with special muscles as though heating 
drums. Others grind their teeth, make clicking 
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sounds with their scutes. Many of these crack- 
ling, squeaking and peeping sounds are in the 
ultrashort range, and are apparently used for 
echo sounding and orientation in space. This 
means that fish like bats have their own sonars. 

The echo sounders in fish have not yet been 
studied but in dolphins they have been studied 
in detail. 

Dolphins are very “talkative”. They cannot 
keep silent even for a minute. Most of their cries 
make up a conversational vocabulary, as it were, 
but now it is not our subject. Others, however, 
are evidently intended for the operation of son- 
ars. 

The bottle-nosed dolphin whistles, clicks, 
grunts, barks and squeals in different voices in 
a frequency range of 150,000 to 155,000 cycles 
per second. But even when it is swimming in 
silence its sonar is constantly exploring the en- 
virons with a “torrent” of quick cries, also called 
claques. They last not longer than a few milli- 
seconds and are usually repeated fifteen to twen- 
ty times per second, and sometimes even hun- 
dreds of times. 

On sensing the slightest splash on the surface, 
a dolphin immediately gives out more frequent 
cries, exploring the sinking object. Its echo so- 
under is so sensitive that even a tiny pellet 
carefully put into the water will not escape its 
notice. A fish thrown into the water is located 
immediately. Though unable to see its prey in 
turbid water a dolphin pursues it unmistakably. 
It follows the fish accurately changing its course. 
Listening to the echo of its voice, it tilts its 
head slightly from side to side, like a human 
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being trying to determine the direction of a 
sound. 

If a few dozen vertical rods are put into a 
small pool, a dolphin will quickly swim between 
them without touching them. Large-meshed nets, 
however, apparently dannot be detected by its 
echo sounder. But it discovers small-meshed nets 
quite easily. 

This is perhaps due to the fact that large 
meshes are too pervious to sound while a net 
of small meshes reflects it almost like a solid 
wall. 

Two researchers of the Woodshall Institute 
of Oceanography showed in a series of interest- 
ing experiments how delicate a dolphin’s aco- 
ustic “sense of touch” is. 

A dolphin was swimming in a small creek fenc- 
ed from the sea and squeaking continuously. And 
sometimes the instrument was even emitting 
violent grinding sounds from the animal’s pat- 
tering clicks. This happened when pieces of fish 
meat were thrown into the water. They were not 
simply thrown, however, but softly placed on 
the bottom. But it was difficult to conceal fiom 
the dolphin even the slightest noise though it 
was swimming at the far end of the creek, twenty 
metres away from the site of the incursion; more- 
over, the water in the creek was so muddy that 
when a metal plate was placed half-a-metre deep 
into the water it seemed to dissolve in it, 
and even the keenest human eye could not 
see it. 

The experimenters released into the water small 
fish of about 15 centimetres in length. The dol- 
phin immediately located the fish with its echo 
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sounder although it had just been submerged 
and was still held by the tail. 

It is supposed that dolphins use their claques 
for near-range orientation. The general recon- 
noitering of the locality and exploration of ob- 
jects are carried out with whistling sounds. These 
sounds are also modulated in frequency. But in 
contrast to the same type of sonars in bats, it 
begins with lower tones and ends with higher 
ones. 

Other whales—cachalots, fin-whales and white 
whales—evidently orient themselves with the 
aid of ultrasound as well. It is not yet known, 
however, how they produce their sounds. Some 
investigators think they use their nostrils and 
the air-sacs of the respiratory tube, others, the 
throat. Although the whales lack true vocal 
chords but the special growths on the inner 
walls of the larynx can effectively substitute for 
them. 

It may well be, however, that both the respir- 
atory tube and the larynx can be equally used 
in the transmitting system of the sonar. 


OMNIPRESENT ULTRASOUND 


During the past ten to fifteen years biophysi- 
cists have found with amazement that nature 
was evidently generous enough equipping its 
creatures with sonars. Ultrasound devices have 
been discovered in quite a few of them: bats, 
dolphins, fish, birds, rats, mice, monkeys, gui- 
nea pigs, beetles. 

Many birds are also known to be equipped with 
echo sounders. Ringed plovers, curlews, owls 
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and some other song-birds caught up in fog and 
darkness during their flight feel their way on- 
wards with the aid of sound waves. They ex- 
plore the locality beneath with their cries and 
learn from the nature of the echo about their 
altitude, nearness of 5bstacles and the terrain 
relief. 

Evidently other animals such as guinea pigs, 
rats, flying phalangers and even some South 
American monkeys also emit ultrasounds of a 
low frequency (from 20 to 80 kilocycles per 
second). 

In experimental laboratories mice and shrews, 
before setting out on their way through the dark 
labyrinths in which their memory was tested, 
sent out fast-winged scouts—ultrasounds—in 
front of them. They easily find their burrows 
in the ground even in complete darkness. They 
are helped by their echo sounder: the echo does 
not come back from these holes. 

The oil birds, or guacharo, as they are called 
in America, live in caves in Peru, Venezuela, 
Guiana and on Trinidad Island. If you want 
to visit their abodes you should be patient eno- 
ugh and, what is most important, have ladders 
and flashlights at hand. A. certain knowledge of 
the rudiments of mountain-climbing is also need- 
ed, because goatsuckers nest in the mountains 
and, more often than not, one has to climb steep 
rocks to reach them. 

And as soon as you enter a cave with all your 
outfit stop your ears in good time because thous- 
ands of birds awakened by the light will dart 
off from the ledges and walls and begin to rush 
to and from above your head. They are large 
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birds, with a wing-span of up to one metre, choc- 
olate-brown in colour, with large white spots. 
Watching their acrobatic stunts in the grim 
grottoes of Aides’ kingdom, everyone is amazed 
and asks the same question: how can these feat- 
hered troglodytes, flying in complete darkness, 
keep off the walls and all kinds of stalactites 
and stalagmites, propping up the vaults of these’ 
caves? 

Turn off your torch and listen. After flying 
about a little, the birds will soon quiet down, 
stop crying, and then you will hear the soft 
strokes of their wings, accompanied by not too 
loud slicking sounds. This is the answer to your 
question. ; 

Of course, it is their echo sounders in oper- 
ation. Their signals are audible also to the human 
ear because they sound with a relatively low- 
frequency range—about 7 kilocycles per second. 
Every clicking sound lasts one or two thousandths 
of a second. Donald Griffin, the above-mention- 
ed investigator of bats’ sonars, plugged the 
ear of several guacharos with cottonwool and 
released them into a dark hall. And the skilful 
night fliers, now deafened, immediately became 
blind also, helplessly hitting all objects in the 
hall. Without hearing the echo of their cries 
they were unable to orient themselves in 
darkness. 

Guacharos keep to their caves in the daytime. 
There they make their clay nests, glueing them 
roughly to ledges on the walls. At night the 
birds leave their caves and fly to places where 
there are many fruit trees and palms with soft, 
plumlike fruit. They make massive raids on olive- 
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palm plantations as well. They swallow fruit 
whole and belch the stones when they are back 
in their caves. That is why in caves where gua- 
charos nest there are always many young fruit 
seedlings, which, however, wither soon because 
of the lack of sunlighf. 

The belly of a newly-hatched guacharo is cov- 
ered with a thick layer of fat. When the young 
troglodytes are approximately two weeks old 
people come to the caves with torches and long 
poles. They destroy the nests, kill these rare 
birds by the thousands and melt their fat right 
at the cave entrance. Although this fat has fair- 
ly good nutritional properties, it is mostly used 
as fuel for lanterns and lamps. 

It burns better than kerosene and is even 
believed to be cheaper in the homeland of these 
birds which are doomed by the cruel irony of 
fate to spend all their life in darkness and die 
in order to give light to human dwellings. 

In South Asia, ranging from India to Austra- 
lia, there lives another bird which can find its 
way to its nest in darkness with the help of its 
sonar. It also nests in caves (sometimes, how- 
ever, also on rocks in the open air). This is the 
famous salangane, a swift prized by all local 
gourmets, because of the soup cooked from its... 
nests. 

Salanganes build their nests, hitching on a 
rock with their claws and greasing the stone 
with their sticky saliva, drawing the silhouette 
of a cradle on it. It moves its head from side 
to side, the saliva hardening immediately in- 
to a brownish crust. And the bird keeps greasing 
it over and over again. The nest walls are going 
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up, and soon a small cradle appears on the giant 
rock. 

This cradle is said to be very palatable. People 
climb high cliffs and cave walls by the light of 
their torches and collect the nests. They are 
boiled in water (or in chicken broth), and con- 
noissers say the soup is extremely delicious. 

It has been found recently that salanganes 
are of value not only to gastronomists but also 
‘to biophysicists: flying in darkness these birds 
also send in front of them acoustic scouts, which 
rattle like a mechanical toy. 


GYRINIDS DON'T WHIRL FOR NOTHING 


There is hardly a pond or a river creek without 
swarms of gyrinids in summer. These tiny black 
beetles are skimming all day long over the water 
surface as though on ice and scatter like a spray 
when, wishing to take a closer look at them, you 
lean too low over the pond and your black shadow 
scares them away. 

But as soon as danger has passed, the beetles 
resume their whirling dance. They do not sink 
because they are supported from below by the 
force of surface tension well known to physicists 
and even to school students. 

The gyrinids are hunting, searching for their 
prey above and under ‘water. They don’t have 
to move from one observation post to another, 
since their eyes are composed of above-water 
and underwater parts; it is as if they have four 
eyes, one pair looking out for everything of in- 
terest in the pond, the other, observing the air. 
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But this is not the only fact that may interest 
an inquisitive mind. As one scientist said, a 
closer acquaintance with their life habits ind- 
uced engineers to examine from a single point 
of view both these beetles and the operation 
of the most intricate’ radar units. 

When a few gyrinids had been taken to a la- 
boratory and put in a jar in a dark room, they 
began to whirl in the dark. They were executing 
their manoeuvres just as dexterously as on a 
sunny day in a pond, turning away at the right 
moment to avoid collision with their fellows 
and with the aquarium walls. When they had 
been deprived of their eyesight their behaviour 
did not change a bit. 

The German biologist Friedrich Eggers decid- 
ed to study these mysterious capacities of the 
gyrinids more carefully. He noticed that their 
antennae were different from those of other 
aquatic beetles. When a gyrinid is spinning, 
its antennae invariably lie on the border be- 
tween water and air, not lower and not higher. 
They seem to take the cream off the water with 
their thick bristles. 

This is really almost so: the “cream” taken 
off by the beetles’ antennae are the surface 
waves, the very waves that diverge in circles 
from a fallen leaf or a stone. They also diverge 
to all sides from a beetle skimming over the 
water. Having been reflected by obstacles, they 
return to the gyrinid which catches them with 
its “separator” antennae. 

When Dr. Eggers had damaged the beetles’ 
antennae (tearing off their hairs or cutting the 
nerves supplying them), and then released them 
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into water, no trace of their former dexterity 
was left. Helplessly, like a bird beating against 
a window-pane, they hit all obstacles, each other 
and the aquarium walls. 

The microscopical vibrissae on the antennae 
of these insects, even when deflecting under the 
pressure of a surface wave by one thousand mil- 
lionth of a centimeter are capable of informing 
the animal’s brain of its displacement and, con- 
sequently, of their contact with the wave. It is 
surprising, however, that the beetles can dist- 
inguish the reflected waves they send out them- 
selves from other water vibrations. 

This mystery has yet to be solved. 


PROMETHEUS’ SECOND TORCH 


Other riddles are also awaiting their solution. 
Every coming day brings them in plenty. 

Recently certain mollusks were found (at long 
last!) to possess a magnetic compass which had 
been persistently, though vainly, sought in birds. 
It has been found that the Nassarius snails 
orient themselves in water, using the earth’s 
magnetic forces. American oceanologists caught 
radioactive fish in the deep depression near the 
Philippines. These by no means innocuous dwel- 
lers of that dismal abyss have behind their 
eyes brightly shining organs which, in addition 
to the ordinary rays of the visible spectrum, 
also emit deadly X-rays. These fish are now 
being thoroughly examined. 

Bionic engineers intend to design many novel 
technical devices based on living models. 

Much has already been accomplished in this 
field. The pterostygma of the wings of insects 
has helped to overcome the deadly flutter of air- 
craft, the spider’s legs have served as a model 
for a walking armoured vehicle now being tested 
in the jungle by the Americans. The study of 
the secrets of the dolphin skin will give ship- 
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builders a wealth of new ideas for designing 
new high-speed ships. The robot pilot in the 
bird’s eye (where it is supposedly lodged) will 
equip navigators with a fundamentally new na- 
vigational instrument. The anti-radar devices of 
moths are also being intensively studied by en- 
gineers, Pumps imitating the bug’s sucking parts 
have already passed the blue-print stage and 
are now operating. 

In 1956 the United States and Canada spent 
three million dollars on building electrical fen- 
ces spanning the rivers falling into Lakes Huron, 

ichigan and Superior. The electrical current 
passed through this wire fence scares off sal- 
mon and other fish swimming to their spawning 
ground in the upper reaches of the rivers. Swim- 
ming along the fence the fish get into a special 
enclosure where they are sorted out, sick and 
undergrade fish being caught, and valuable spe- 
cimens being allowed to swim on to their spawn- 
ing grounds. It is interesting, however, that lamp- 
reys are insensitive to the electromagnetic field 
generated about the electrical fences, and even 
if they sense it they approach to explore them 
(it will be recalled that lampreys have radars 
for which the electrical fence is an interference 
and also a habit to react to such an interference 
immediately). It is not yet clear why this is 
so. At any rate, lampreys hit the electrical bar- 
riers and are killed by the electric current. 
Using this method the Americans hope to exter- 
minate all lampreys in their lakes. 

Rich prospects open up before engineers sear- 
ching for new ideas in forests, fields and seas. 
Man has much to learn from nature. Competing 
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with it and perfecting nature’s devices man will 
certainly make unprecedented progress in all 
spheres of his activities. For the future genera- 
tions the union of technology and biology will 
be what Prometheus’ torch was for our ances- 
tors. : 


AFTERWORD 


Popular science writing is one of the most 
complex branches of literature and at the same 
time one of the fundamental problems of scien- 
ce itself. It combines the art of writing and 
scientific knowledge. This is precisely what de- 
termines the merits of a popular science and 
science fiction writer, who must have a gift for 
writing and be a scientist at the same time. 
As a scientist he must be well versed in the 
most diverse branches of knowledge and fami- 
liar with the latest scientific achievements. This, 
however, is not enough. A book may contain a 
wealth of interesting facts and be tedious all 
the same. In writing a book it is particularly 
important to find the right approach, strike the 
right note and rhythm. It seems that Igor Aki- 
mushkin has succeeded in catching this invisi- 
ble rhythm, taking us from the solution of one 
nature’s riddle to another and in finding the 
right words to describe them. The book is writ- 
ten in one breath. 

The book deals with very complicated pro- 
blems. Migration of animals and their orienta- 
tion in space have attracted man’s attention 
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since time immemorial. In spite of the nume- 
rous works ,on these problems man’s knowledge 
in this field is still inadequate and is often 
substituted by more or less ingenious conjectures 
and hypotheses. While vertebrates and some ma- 
rine animals have Been studied comparatively 
well, a vast “terra incognita” lies in front of 
the investigators in some other fields. In the 
Russian literature (scientific literature, in par- 
ticular) the problems of migration and orienta- 
tion of insects have been dealt with especially 
inadequately. 

I. Akimushkin considers both these problems 
on the widest plane. We learn of the formation 
of animal habitats in pre-historic time and of 
later transmigrations of animals, of seasonal and 
daily migrations and orientation of animals. 

A book of fiction is written on its own princip- 
les different from those on which a strictly scien- 
tific book is based. The system of literary meth- 
ods whose ultimate goal is to grip the reader's 
attention, to present facts in a fascinating way 
wholly depends on the author’s individual apti- 
tudes and style of writing. Science, however, 
demands more accurate and concrete formula- 
tions, a clearer explanation, elucidation of ca- 
sual relationships, and, finally, a definite system. 

It is common knowledge that every living 
thing on Earth is in constant motion. The forms 
of movement, however, and its motives are dif- 
ferent in any given case. Reading, for instance, 
about ancient pilgrims we can see in our mind’s 
eye herds of horses and camels trekking over 
peninsulas from America to Eurasia. But if we 
were taken by magic to one of these peninsulas 


23~2361 353 


we would not notice any migration. Even if we 
lived a thousand years there we would not see 
a single herd confidently migrating from east 
to west. 

What is the matter then? Where are the pil- 
grims doomed to wander? Perhaps, everything 
is wrong in the book? No, of course not. The 
point is that the measures of time and speed 
to which we are accustomed in our day-to-day 
life are inapplicable to the processes of migra- 
tion. Not only a single individual but also many 
generations of animals can live during these pro- 
cesses in the same place, in the same “neigh- 
bourhood”. Anyone probably knows that if a 
few stills from a motion picture are seen conse- 
cutively, the eye will notice practically no di- 
{ference between them, because each of the stills 
depicts a part of motion lasting approximately 
one-thirtieth of a second. But as soon as the 
projector starts working and the many static 
pictures following in rapid succession merge into 
one image, the eye will easily notice movement. 
The same may be applied to the history of the 
formation of ancient faunas. To see the crowds 
ot wandering pilgrims every still of this fantastic 
film should be shot with an exposure of approxi- 
mately one hundred years, and the film should 
pass through the projector with a cosmic speed 
of one hundred stills per second. It will be re- 
called that the normal speed of a motion pic- 
ture is 24 stills per second. Does this mean that 
migrations of animals always take place at the 
same speed? Of course not, and here is another 
example to prove it. 

If any of the readers should be lucky to visit 
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in autumn the ornithological station of the 
USSR Academy of Sciences on the Kurisches 
Haff in the Kaliningrad Region, he will be 
amazed by the truly majestic view of countless 
flocks of the most varied birds following each 
other in an endlegs train. In 24 hours up to 
half-a-million birds fly over this small piece of 
land projecting far into the sea, the number of 
birds crossing over the sandbar during the mor- 
ning hours (from 6 to 9 a.m.) amounting to 
200,000. This means that migration may have 
varying forms, diverse mechanisms and, corres- 
pondingly, different names. Its causes are diffe- 
rent, too. In the former case, it was migration 
of animals under the influence of changes in 
climate or in land outlines (biologists call it 
formation of a habitat—the region of occurrence 
of a species or a group of species). In the latter 
case, we deal with migrations, i.e. mass-scale 
movement of animals due to temporary (usually 
seasonal) changes in their environmental condi- 
tions. Thus, spread and migration are the two 
basic, qualitatively different forms of move- 
ment of animals. 

But the tremendous variety of movements ob- 
served in wild life cannot be reduced to this 
scheme. Speaking, for instance, of the spread 
of horses or camels, we visualize it on the scale 
of geological epochs. It occurred parallel with 
the formation and through the whole period of 
the development of these species, and is deter- 
mined by gradual and, in this or that degree, 
irreversible changes of the earth’s surface—chan- 
ges in the climate and configuration of land. 
The human eye can notice such a spread as a 
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static picture presenting its ultimate result at 
a given length of time, whereas the whole pro- 
cess can be followed only. by palaeontological 
findings. 

The outcome of this process is the picture of 
the modern fauna of individual continents. This 
is why Africa is a land of immigrants although 
no animal migrated there directly. Does this 
mean that the spread of animals have ceased 
to spread, that the composition of the inhabitants 
of this or that part of the Earth’s surface—be 
it land or sea—has been “settled” for good 
and all. No, this spread is taking place every- 
where today, but we can notice only its other 
forms. 

During the past two or three hundred years 
the face of the Earth has been changing under 
the action of a new force—the activity of hu- 
man society. The action of this new element 
grows in almost a geometrical progression.It 
would be no exaggeration to say that during the 
first half of the 20th century man has remoulded 
nature more than for all the preceding centuries. 
Extermination of forests, turning steppes into 
ploughland, irrigation of deserts, reclamation of 
marshland, construction of water reservoirs and 
canals, linking seas and river systems in comp- 
letely new combinations, a great development 
of various transportation facilities, and, finally, 
the appearance of a tremendous number of towns 
and other populated localities—these are some 
of the principal stages in remaking the Earth’s 
surface. Add to this the appreciable change of 
climate following the change in the soil and ve- 
getable covering, and the increase of the hydro- 
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graphical network, then man’s growing direct 
influence on the fauna and flora, and you will 
understand that the spread of animals couldn't 
but have acquired qualitatively new forms. Per- 
haps the chief form of spread of animals today 
is travelling with human beings as “stow-aways” 
on ships, trains, planes, with wood, cotton, 
foodstuffs (especially with fruit) and other raw 
materials. The well-known expert on tropical 
insects, Mayr, during his voyage from Trinidad 
Island to Manila on a ship with a cargo of rice, 
amused himself drawing up a list of various 
animals discovered on board the ship. All in 
all, he counted forty-one species of these tra- 
vellers, mostly insects. When he was unpacking 
his luggage at a hotel in Manila, a few beet- 
les, notorious flour and grain pests, crawled out 
of them. It was reported that larvae of some 
beetles had reached Europe from Africa in but- 
tons made of shells of palm fruit. 

I. Akimushkin gives many examples of such 
migrations, and their number might be increased 
ten-fold if it were necessary. It is much more 
interesting to follow the fate of these migrants, 
to analyse the causes of their successes and fai- 
lues. Have their travels been always successful? 
But before turning to this subject it has to be 
pointed out that not only a direct transmission 
(deliberate or accidental) may be responsible for 
a spread: sometimes man, unwittingly breaking 
down natural barriers, also opened the way to 
a new invasion. This is what happened, for in- 
stance, to the marine lamprey in the United 
States. This predatory species lives mostly in 
seas but enters rivers to spawn. Way back in 
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the remote past marine lampreys populated by 
natural migration Lake Ontario, but the Nia- 
gara Falls were a direct obstacle to their pene- 
tration into the Great Lakes. In 1829 constru- 
ction was completed of the encircling Welland 
Canal enabling ship navigation between lakes 
Ontario and Erie. It took the lampreys a hund- 
red years to traverse this canal. But after that 
their spread proceeded by giant strides. In 1930 
they reached the St. Clair River and in 1937 
penetrated through it into lakes Huron and 
Michigan. In 1946 marine lampreys populated 
Lake Superior. The economic results of this 
invasion were felt immediately: within the next 
ten years the annual catch of brook trout, a 
most valuable salmon species, which had been 
attacked by the lampreys, preying on them, 
dropped from 3,900 to 12 tons. 

Now let us go back to the problem of immi- 
grants. What awaits them in the new places? 
Is the successful conquest of new regions by 
the phylloxera, Colorado beetle and Chinese 
crabs the rule or an exception? It certainly ap- 
pears to be an exception to a definite extent. 

One of the best known British zoologists, 
C. Elton, reasons in this connection: What kind 
of ecological environment awaits a species in- 
vading a new place of habitation? If it steals 
its way into a storehouse full of foodstuffs, it 
will find a small community of other animals 
there; if it gets into a crop-farming area, it will 
have a more diverse community; if these lands 
are surrounded by a network of roadside forest 
belts, hedge rows and forestland, it will meet 
a much richer complex of plants and animals, 
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and in a wild forest it will find an exceptio- 
nally complex world of living organisms. In 
other words, an immigrant will have to find a 
place for itself, to fight its way through a histo- 
rically formed and very tense natural system 
of relationships between organisms, where all 
“posts” have long since been occupied and means 
of subsistence distributed. The immigrants seek 
places for reproduction and find them occupied, 
they seek food which is already eaten by other 
species and shelters in which other animals hide 
themselves; they break into them and are often 
driven back. 

The number of “wandering” plants and ani- 
mals is tremendous and it is not fortuitous that 
of the one thousand animal and plant species 
brought to North America during recent years 
only four hundred have been able to get a foot- 
hold there while those which have taken a lea- 
ding position in natural communities can be 
counted on the fingers of one’s hand. For ins- 
tance, of the birds brought to the United States 
only four species—the house sparrow, starling, 
partridge, and pheasant—have proved to be pro- 
sperous colonists. The others, however, either 
failed completely at the start (for instance, 
thrush, birds of the finch family, tomtit, nightin- 
gale, skylark, robin, dipper, landrail, woodgro- 
use, wild swan) or at first seemed to have accli- 
matize and later practically died out (goldfinch 
and skylark). 

An immigrant can be successful only when, 
for one reason or other, it finds environmental 
conditions—such as food, shelter, or breeding 
places (a vacant ecological niche, as zoologists 
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call it)—unused by other animals, or gets the 
upper hand in its competition with the abori- 
gines. It is clear from the above that this pro- 
bability is slight enough. Nevertheless, these 
slight chances are fraught with a special danger 
arising from the feeling of complacency. The 
terrible economic catastrophies which man- 
kind paid for its thoughtless attitude to the 
danger of such invasions are by no means the 
worst thing. Take, for example, the following 


case. 

In 1929, a French fighter-plane from Dakar 
landed on a small airfield in the north-eastern 
part of Brazil. Accidentally a few mosquitoes 
were present in the plane. After landing the 
aircraft the crew went to a nearby barroom. 
The mosquitoes preferred to go to a shore swamp 
where they founded a small colony. At first, 
no one gave any attention to them, and within 
the next few years they had been freely sprea- 
ding along the coastline until finally an epide- 
mic of malaria broke out at a point approxi- 
mately 320 kilometres from the initial site. This 
outbreak lasted till 1938-1939, taking a toll of 
about 12,000 lives. The total number of cases 
ran into hundreds of thousands. The causes of 
this disaster were simple: malarial mosquitoes 
had long been living in Brazil, but such as the 
African species that could regularly fly into 
human dwellings and live outside of the fo- 
rests, in open spaces, had not existed before. 
After the epidemic had been checked, which 
cost colossal labour expenditures and material 
losses, a quarantine inspection of aircraft was 
introduced. And soon a tsetse fly, transmitting 
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sleeping sickness, was discovered in one of the 
planes. 

I have made this short digression from the 
subject to show in particular the difficulties 
involved in another kind of animal distribution. 
I have in mind the déliberate import of animals 
by man, the so-called acclimatization. Its mo- 
tives and objects may vary widely. In some 
cases game and commercial animals are impor- 
ted, in others, food animals, and parazites or 
predators to fight various pests. Many experi- 
ments with acclimatization of fish are known; 
immigrants often took to their new homes ani- 
mals that reminded them of their native land. 
The number of species thereby displaced pro- 
bably runs into many thousands. However, hard- 
ly a few hundreds have succeeded to overcome 
the “biological barrier” and hold out against 
attacks by the aborigines. Therefore, on the 
whole the role of deliberate importation in the 
spread of animals throughout the world has tur- 
ned out to be very limited. It is precisely for 
this reason that cases of successful acclimatiza- 
tion are so few while cases of useless work on 
such acclimatization are so many. Sometimes, 
the result is even more deplorable, as was the 
case, for instance, after the “successful” acclima- 
tization of the raccoon dog. Having spread du- 
Ting some twenty years over a vast territory, 
not only did it cause great damage to wildfowl 
(especially ducks) but it is now one of the chief 
carriers of rabies in nature. 

It would be wrong to think, however, that the 
distribution of animals is exclusively connected 
with man nowadays. Changes in the area of 
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prevalence of many species take place in a na- 
tural way as well, although an indirect influence 
of human activities is sometimes tangible eno- 
ugh. Some 15-20 years ago one would hardly 
be lucky enough to meet with a saiga in the 
Caspian region of Kazakhstan. Today these pla- 
ces are unthinkable without thousands-strong 
herds of saigas, which have become a major com- 
mercial animal. This has been due to the en- 
forcement of protection laws; the animals have 
multiplied in large numbers and spread over a 
vast area. The current rapid northward spread of 
the elk habitation area is also due to its being 
protected, whereas formerly this animal, which 
is unable to run fast over deep snow and easily 
falls prey to hunters, was on the verge of extin- 
ction in regions with heavy snowfall. Thus, pro- 
perly speaking, this is not an expansion of ha- 
bitation areas in pure form but restoration of a 
former area, which shrunk in the 18th-19th cen- 
turies. 

An analagous situation is observed in the ha- 
bitats of sable and some other animals. In this 
case, both the cause and effect are artificial to 
a certain extent. Sometimes, however, the cau- 
ses may be exclusively natural, as is the case, 
for instance, with periodical variaticns of the 
water level in the lakes of North Kazakhstan 
where during the high-water period the boun- 
daries of the habitats of many herons, snipes, 
ducks, gulls and pelicans may be sharply pushed 
northward and then gradually retreat south- 
ward as the lakes dry up. This type of spread 
with which the habitat alternately shrinks and 
widens under the influence of certain factors is 


362 


called pulsation of the area, changes of boun- 
daries taking place within relatively brief pe- 
riods ranging from a few years to two or three 
decades. 

Other causes and another mechanism lie at 
the basis of a long-céntinued and uninterrupted 
expansion of the habitation area, i.e. a spread 
in the literal sense of the word. Over the past 
quarter-century numerous explorers have collec- 
ted a wealth of well-documented evidence which 
on comparison with archive materials and ear- 
lier studies shows in certain cases clear enough 
the different forms and trends of this process. 
It has been found that many species are conti- 
nuing to spread rapidly, invading new areas 
every year. 

For instance, one of the most harmful rodents, 
the little souslik (C. Pygmaeus), has been stea- 
dily expanding its habitation area in the Sals- 
kiye and Stavropol steppes, in the Volga and 
Don valleys at least for over a century in spite 
of vigorous measures for its control. According 
to estimates, in the steppes of the Don valley 
and the Stavropol region these gophers annually 
invade about seventy thousand hectares of land, 
and the boundaries of their habitats are pushed 
southward and westward at a speed of 1.2-2.7 
kilometres a year. The causes of this spread are 
rooted in immoderate use of pastureland for 
grazing cattle with the result that some areas 
have become barren. 

The number of spreading species is truly great. 
Some of them migrate northward (partridge, sa- 
ker falcon, pale harrier, lesser grey shrike, sky- 
lark and crested lark, ortolan, hoopoe, Kuropean 
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hare, great jerboa, European and Siberian po- 
lecats), others, westward (germander, greenish 
willow-wren, Eversmann’s warbler, rustic bun- 
ting, a Tarsiger cyanurus bird). This spread oc- 
curs evenly but sometimes is leap-like, as was 
the case, for instance, with the hen-harrier in 
Finland and south-east Sweden in 1952. The 
cause of this leap was an unusually warm spring. 

On the whole, however, the present-day ex- 
tension of habitats is connected with these two 
factors: human activities (cutting down fo- 
rests, ploughing of land, irrigation, etc.) and 
changes in climate. Yet sometimes expansion 
of a habitation area cannot be traced to appa- 
rent changes in landscape or climate. For instan- 
ce, the black-headed bunting, a typical bird of 
certain regions of Central Asia and Kazakhstan, 
has moved westward to the Urals and the Lo- 
wer and Middle reaches of the Volga during 
the past fifty years. The ring-dove, a small 
beautiful pigeon, had nested in Europe only in 
the Balcan Peninsula until 1932, and that year 
it crossed the Danube and settled in north-east 
Hungary; in 1944 it was first noticed in Uzhgo- 
rod and in 1955 appeared in Kiev, where it is 
fairly common today. Thus, in less than 20 
years the ring-dove has expanded its area by 
4,000 kilometres along the straight line. Another 
example is the spread of the Indian starling 
myna, one of the most favourite home pets in 
Central Asia. In 1907 it nested only in Kamar- 
Sarai, in 1912 in Termez, hy 1925 it spread 
along the Amu-Darya river valley and reached 
the town of Kerka; in 1940 it appeared in Char- 
dzhou, and by 1952-1957 it was often seen in 
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Repetek, Gogorchnili, Tashkepri, Takhta-Bazar 
and Samarkand. Today it is fairly common also 
in the environs of Tashkent. The speed of the 
spread of mynas, just as of ring-doves, is very 
great: during half-a-century they have moved 
600-700 kilometres. Both ring-doves and mynas 
nest exclusively in populated localities; so, there 
is no reason to seek the causes of their reset- 
tlement in changes of landscape. Therefore, it 
should be concluded that these causes are still. 
unknown. 

It is widely believed to this day that quails 
cross seas riding on geese, that “every crane 
carries a landrail” on its back, and that geese 
are used as transportation vehicles by hum- 
ming-birds. Unfortunately, this is nothing but 
a beautiful tale, which is easily refuted: cra- 
nes, to say nothing of geese, migrate to the 
south only late in autumn, whereas humming- 
birds, landrails and quails are some of the first 
to leave their nests—six to eight weeks earlier. 

However, in the world of little creatures mig- 
ration with birds of passage is sometimes the 
only means of travel possible. Many, perhaps, 
wondered how various tiny water animals— 
wheel animalcules, infusoria, molluscs, polyps, 
and others—settled in innumerable pools, ponds, 
lakes, rivers and swamps, the water fauna being 
almost uniform over vast territories. The ans- 
wer is clear: spores, eggs or roe of these animals 
have been brought there by birds and someti- 
mes by wind. It has long been known that seeds 
of many plants stick to the plumage of water- 
fowl just as firmly as fish roe and mollusc eggs. 
Such passive migration has been going on for 
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millions of years, and its possibilities have been 
largely exhausted. However, it is being revived 
due to the changes in the face of our planet 
which began relatively recently but have al- 
ready affected the habitual routes of birds of 
passage. Passive migration of certain animals is 
of special interest for man. I have in mind trans- 
mission by birds on their plumage of various 
ticks and fleas, which in their turn often carry 
some disease-producing germs. A flea brought to 
a populated locality after it had sucked the 
blood of a plague-afflicted wild rodent—a ger- 
bil, gopher or marmot—can, under “favourable” 
conditions, become the cause. of a great disaster. 
Cases are known of such fleas having been caught 
on birds visiting towns. 

In northern Egypt on the coast of the Medi- 
terranean Sea, special studies were carried out 
to ascertain the role of migratory birds in the 
transmission of ticks from Europe to Africa and 
vice versa. Very interesting facts were establis- 
hed. Various ticks inhabiting Europe and Asia 
were found on thirty-nine species of birds du- 
ring their autumn migration. In spring, when 
birds were returning home, to their nests, Afri- 
can ticks were discovered on twenty-two species 
bound for Europe. It is well known that ticks 
are a huge reservoir of various viruses and bac- 
teria. For them this type of migration is “twice 
as passive” as it were, although we are none 
the better for that. An epidemic of a hitherto 
unknown disease which flared up in the state 
of Mysore, India, in the ‘fifties and came to 
be known as Kiassanur forest disease took a 
large toll of human lives. Investigations sho- 
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wed that this disease was transmitted to man 
through tick bites and its symptoms did not 
differ from those of Omsk haemorrhagic fever 
occurring in western Siberia. Since western Si- 
beria and India are the final points on the rou- 
tes of many migratory birds, some specialists 
attribute the outbreak of Kiassanur forest dise- 
ase to infected ticks having been brought by 
birds. This hypothesis is very probable, and if 
it proves correct later, we shall have an extre- 
mely interesting example of virus transmission 
over thousands of kilometres. It is not fortui- 
tous that the problem of the role of migratory 
birds in virus transmission throughout the world 
is being studied by a number of research centres 
in different parts of the world. 

We have learned about the chief forms, cau- 
ses and rates of one of the types of animal mig- 
ration, to wit, expansion of habitation areas. 
We have learned that under natural conditions 
it takes the form of a gradual invasion of new 
territories, that the speed of this invasion de- 
pends on many factors, above all, on the force 
of the resistance of the aborigines to the newco- 
mers, on the presence of vacant ecological 
niches. Changes in the earth's surface or climate 
exert, as a rule, a strong influence on the spread 
of animals, which is particularly closely asso- 
ciated with man’s activities. It is clear, there- 
fore, that migration on the scale of geological 
epochs (formation of faunas) proceeded slowly, 
and all the other conditions of existence in 
those remote times were almost identical and 
uniform throughout the world. After the appe- 
arance of the Earth’s thermal zones and sharp 
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changes of seasons of the year the rates of mig- 
ration became much faster, but by that time 
the territories and possibilities for migration had 
diminished appreciably because the continents 
had already taken their present shape. A new 
tremendous wave of migration rose when man’s 
activities in remaking the Earth’s surface had 
acquired an elemental force, when man had gai- 
ned supremacy over the Earth. 

Now let us turn to another principal type of 
movement of animals—migrations. This type is 
characterized by a relatively great speed and is 
not accompanied by long-continued invasions of 
territories. Usually migrations recur regularly 
during a short period of time and in this case 
they are called seasonal, for instance, autumn 
and spring migrations of birds; annual migra- 
tions of northern deer, elks and roe, coming 
from regions with deep snow to those with a 
shallow snow covering: movements of various 
antelopes (including saigas of the Caspian re- 
gion and Kazakhstan) escaping droughts; mig- 
rations of fur-seals, seals, whales and many ot- 
her animals, and also migrations of numerous 
species of fish. Saying “searching for land”, 
“escaping from famine”, “seeking fresh water”, 
we imply not qualitatively different types of 
migration (as it would seem at first sight), but 
in effect the very same seasonal migrations. 
This phenomenon invariably has the character 
of a mass purposeful movement, although it 
does not always readily catches the eye. We 
are accustomed to seeing the common hooded 
crows in any season of the year. Yet not every- 
body knows that crows swarming rubbish heaps 
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in winter and spending the nights in flocks in 
Moscow’s parks were born far away from this 
city, in the northern forests, and come here 
only for winter. When March comes they will 
imperceptibly be replaced by their relatives of 
exactly the same appearance, “native Muscovi- 
tes” returning from the south, and will fly ho- 
meward to their nests in the Arkhangelsk and 
Vologda regions. 

The causes of seasonal migrations are always 
complex ones. The most tangible of them, ho- 
wever, is hunger rather than cold, although it 
is sometimes difficult to differentiate between 
them. Cases are known (by no means isolated) 
of typical migratory birds (seemingly unadapted 
to rigorous winter conditions) remaining to win- 
ter in hard frosts. The chief factor here was the 
availability of sufficiently large tracts of land 
not covered with snow or ice-free bodies of wa- 
ter with plenty of food. It will be recalled that 
a winter day is short, and if the “fuel” reserve 
built up during the day is not large enough for 
the long night, the heat balance of the body 
will be deranged, and cold, the second ruler of 
all living things will have its lethal effect. 
That is why frozen, crumpled bodies of crows 
are often found under trees in which they sleep 
winter nights, and ducks, typical migratory 
birds, merrily and confidently splash in water 
holes made in ice near feeding troughs in zoos. 

Sometimes other causes force animals to leave 
their native place and settle in other lands. For 
instance, deer are driven to high-altitude pastu- 
res in spring by insect parasites— mosquitoes, 
gadflies, horseflies. He who has seen a herd of 
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deer in summer has certainly noted their rest- 
less behaviour; they constantly shake their heads, 
sniff and run from one place to another. No 
sooner do they climb a higher ground than they 
calm down and even take a rest, lying down 
and chewing their cud. Why is it so? The ans- 
wer is simple enough: a wind had risen and 
drove their little tormentors away. So herds of 
deer are moving against the wind, towards the 
Arctic Ocean. 

Seasonal migrations are particularly clearly 
expressed in places with a sharp change of li- 
ving conditions from winter to summer, in 
places where winter is hard and summer is hot 
and dry. In the Arctic tundra, on lakeshores 
and mountain slopes birds nest in their multi- 
tudes. The number of species of ducks, geese, 
sea-gulls, snipes, loons and other birds may re- 
ach two hundred and fifty, to say nothing of 
the number of individuals. When winter comes, 
however, you will not find a single bird in the 
snow desert. Even snowy owls, even willow gro- 
uses fly to winter in more southerly places. 
Even such typical “northerners” as polar foxes 
partly move to the taiga, and partly cross the 
ocean ice where they can find food near the 
coastal reefs. In the mountains, seasonal migra- 
tions are expressed just as distinctly, but there 
they take another direction, passing, as it were, 
from the horizontal to the vertical plane. In 
summer the animals ascend high up in the moun- 
tains, in winter, as snowfall begins, they des- 
cend to the valleys. All these phenomena have 
one feature in common—a strict seasonal cha- 
racter and following the same historical routes 
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year after year, although the routes of spring 
migration often differ from those in autumn. 

Periodic migrations include, in particular, di- 
urnal movement, for instance, of plankton in 
the ocean depths. Their causes have been well 
described in the bodk, and outwardly they are 
a repetition of seasonal migrations in minia- 
ture. Sometimes migrations, although occurring 
regularly, take long periods of time, as is the 
case, for instance, with the eels. They are known 
as perennial migrations. 

A completely different course is characteristic 
of the so-called non-periodic migrations—a phe- 
nomenon which widely occurs in nature. They 
are so called because their alternation usually 
does not follow strict cycles; they arise sponta- 
neously, and every outbreak of such an invasion 
is separated from another by unequal, sometimes 
quite prolonged, periods of time. 

These movements are also massive, perhaps 
even to a greater extent. True, the subjective 
factor may also be important here: such invasi- 
ons always strike the eye by their concentration 
and unusual character. In some cases, we can 
explain the causes of such migrations, in others, 
we are completely at a loss. Take, for instance, 
such a classical case as migration of squirrels. 
It is well known that they are caused either by 
a poor crop of seeds of fir, cedar and other coni- 
ferous varieties, or by large forest fires. Yet 
cases are known when neither of these causes 
were present, but a spontaneous migratory 
movement suddenly carried away a mass of rodents, 
more and more of their kin joining them on 
their way and even leaving rich feeding places. 
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Here is another example, with Pallas’s sand 
grouse. This small pigeon-sized bird with a long 
awl-shaped tail and peculiar legs unlike those 
of a bird lives in the deserts of Central Asia, 
Kazakhstan and Mongolia. It lives in flocks and 
in most of its nesting territory does not make 
even seasonal migrations. Suddenly, without any 
apparent cause, these birds begin to migrate 
and then are driven by an irresistible urge far 
beyond the limits of deserts. 

For instance, in 1863 and 1888 Pallas’s sand 
grouses reached Arkhangelsk, Finland, Norway, 
Sweden, the Faeroe Islands, Britain, France and 
Italy, and even tried to nest in certain places. 
These attempts, however, were doomed to fai- 
lure, because of the too great curiosity aroused 
by these birds among various collectors and 
hunters. This is perhaps understandable. Possib- 
ly the same would have happened in central 
Russia, too, if flocks of parrots or birds of pa- 
radise had appeared in the forests of Moscow 
region. During the past one hundred years more 
than sixteen such visits of Pallas’s sand grouse 
to Europe have been noted. Sometimes they are 
explained by the features of the snow covering 
in the nesting area, but this explanation is not 
quite satisfactory and the true causes of such 
migrations remain a mystery. 

Finally, the last type of migrants are animals 
wandering all their lives. They are truly born 
nomads. As a rule, their migrations within the 
limits of a habitation area are unconnected with 
any regular phenomena and are determined 
by co-incidence of a number of accidental fac- 
tors. In Russian fauna the most typical nomad 
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is perhaps the polar bear. From its birth to 
old age this majestic animal wanders amidst 
drifting ice floes (only females come on land to 
give birth to their cubs); the drifting of ice 
floes and location of seal colonies determine its 
“life path”. 

The study of the types of migration of ani- 
mals in space and corresponding phenomena is 
extremely important. In addition to providing 
the answer to many general biological problems 
referring to the origin of continents and oceans, 
the rates and ways of the evolution of the ani- 
mal world and changes in nature in pre-historic 
times, it solves a number of practical problems. 
In some cases, this is elucidation of the biolo- 
gical foundations of acclimatization, organizati- 
on of commercial hunting, and protection mea- 
sures, in others, prevention ef invasions by harm- 
ful animals, quarantine laws and health care 
problems. 

Estimating the danger of such invasions, C. E]- 
ton, already quoted above, writes that we live 
in a world full of explosions, and although the 
time and place of the next outbreak are not 
always known to us, probably we could have 
found a means to avert it or at least to arrest 
its force. We are threatened not only by ther- 
monuclear weapons and atomic war. There are 
also other, “ecological explosions”.... “Ecologi- 
cal explosion” is the term applied to an immea- 
surable increase of some animal population 
(which has been placed in a favourable situa- 
tion one way or another. V.F.) whether it is 
an influenza virus, plague bacteria, a fungus 
causing potato disease, a green plant like the 
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cactus opuntia or an animal like the grey squir- 
rel of Carolina. He writes further that ecological 
explosions differ from some others in that they 
do not produce such loud noise and do not oc- 
cur so fast; but sometimes their consequences 
prove so impressive and cause the ruin, death 
or emigration of multitudes of people. It seems 
to me that many sections of Akimushkin’s 
book graphically illustrate these meaningful 
words. 

The other problem tackled by Igor Akimush- 
kin is one of orientation of migrating animals. 
This problem is raised on a very wide plane. 
It includes “navigation” proper, various biophy- 
sical and biochemical adaptations of animals to 
different methods of getting food, and physiolo- 
gical peculiarities linked with determination of 
time and space, and elements of conditioned 
reflex activity. As is quite legitimately empha- 
sized by the author, in the overwhelming majo- 
rity of cases we can only state the presence of 
definite mechanisms on the basis of comparing 
various facts. The nature of the mechanisms 
themselves, however, is not clear to us with 
rare exceptions. Interpretation of these pheno- 
mena, their reproduction and use in human prac- 
tice, is the task for the future generations. At 
the same time it should not be forgotten that 
this is a task of great importance, of great prac- 
tical value. It is no mere chance that bionics, 
one of the youngest sciences, is making such 
rapid progress today. Its problems include the 
study and modelling of various. adaptive mecha- 
nisms and systems with which animals have been 
provided by nature. These mechanisms and sys- 
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tems have withstood the most severe test of 
time, and have been formed in conditions of 
the strictest selection, where the slightest imper- 
fection carried the death penalty. It is not sur- 
prising that their designs are often superior to 
the products of hum&n hands. Very frequently, 
therefore, through long experiments and pains- 
taking search man arrives at what has been 
long “discovered” by nature. 

This is illustrated by the following example, 
which, it is true, is not concerned with the pro- 
blem of orientation. It has long been noted that 
dolphins and whales can swim much faster than 
ships of the same “power”. Special studies have 
shown that this high-speed swimming is made 
possible by the special structure of the integu- 
ments (skin and subcutaneous layer) of the ce- 
taceans. The external covering of marine mam- 
mals is provided with a system of communica- 
tion cavities filled with liquid fat. This increa- 
ses the elasticity of the skin, owing to which 
the whirling currents produced around the auni- 
mal’s body during its movement are almost comp- 
letely damped. This system was imitated in an 
experiment, and a torpedo coated with such a 
skin recorded a speed that was many times the 
usual one. One need not have great imagination 
to visualize walking cross-country vehicles, mid- 
get aircraft with waving wings and other simi- 
lar machines in the not too distant future. 

Igor Akimushkin’s books have already beco- 
me popular. It is to be hoped that this new 
book of his, which gives a vast field for thought, 
will prove equally successful. 

Vladimir Flint, M. Sc. (Biology). 
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